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Electrifying news about America’s fastest growing area... 


, gee 


C-E Again Helps Satisfy 
A Skyrocketing Demand For Power 


The postwar years have seen the Long Island Lighting 
Company challenged to meet the electrical demands of the 
fastest growing area of its size in the United States. The 

new Edward F. Barrett Station, shown above, represents this 
progressive utility’s recently dedicated addition to the 
system’s generating capacity. Ten years ago, Barrett’s single 
generating unit could have provided power for all of 
LILCO’s customers. Today, however, it accounts for only 
one-fifth of the capacity of the Company’s five generating 
stations. And, with an eye to the future, provisions have been 
made to allow expansion of the ultra-modern Barrett plant to 
six times its present capacity. 


Combustion Engineering has played a major part in LILCO’s 
phenomenal growth. In the past ten years, the utility has 
purchased eight large C-E boilers—seven of which are now in 
service, When the eighth unit goes into service next year, 
these boilers together will supply steam to generate nearly 
900,000 kilowatts. 


Edward F. Barrett, LILCO’s Chairman of the Board—for This record of continued acceptance by one of the country’s 

whom the new station was named—throws the switch outstanding utilities is further evidence not only of 

coupling station to the company’s transmission network. Combustion’s leadership in steam generation but also of its 
ability to serve you—whether you need boilers for a giant 

power station or a small industrial plant. 
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How to get maximum combustion 
efficiency...measure both 
combustibles and oxygen 


Simultaneous measurement of both oxygen 
and combustibles is needed to obtain optimum 
combustion. No instrument that measures only 
one of these two interdependable factors can 


give you the full information necessary. 


Now, Bailey offers two units, each giving a con- 
tinuous and simultaneous double check on 
combustion efficiency: a permanent analyzer- 
recorder which records both factors on a single 
chart; and a new light weight, portable unit 


which indicates both factors. 





Both instruments measure: (1) excess air—re- 
gardless of the fuel or combinations of fuel 
being burned, (2) mixing efficiency of your fuel 
burning equipment by showing per cent com- 


bustibles in the flue gas. 




















ZONE OF MAXIMUM 
COMBUSTION EFFICIENCY 








“TOTAL AIR - PER CENT 


7 9 «) Maximum Combustion Efficiency is secured by keeping the sum of Excess Air 
Both units are designed to increase efficiency Loss and Unburned Gas Loss to a minimum. To do so by the direct method sim- 
in the furnace operations of the steel industry, ply measure both oxygen and combustibles in flue gas. 


on glass tanks, cement and lime kilns, ceramic 
and refractory kilns, steam boilers and also on direct and 
indirect-fired furnaces in the metal processing industries. 


To prevent your money from becoming waste gas, look 


For portable use — 
HEAT PROVER Analyzer 


The famous Cities Service 
HEAT PROVER analyzer 
is now Bailey built and 
sold. Weighing only 25 
pounds, it is a self-con- 
tained automatic analyzer 
including a sampling tip 
and hose plus a thermo- 
couple for temperature 
measurement, 


Instrument dials are dual 
range for greater accuracy 
and sensitivity. 





into these two efficiency provers. A Bailey engineer 
will be glad to give you details or write us for product 


specifications. 


For permanent installation 
Oxygen-Combustibles Recorder 


The Bailey Oxygen-Combus- 
tibles Analyzer - Recorder 
coordinates both records on 
one chart. These records 
enable the operator to keep 
fuel burning equipment per- 
forming continuously in the 
zone of maximum combus- 
tion efficiency. Excess air 
may be reduced to the point 
where combustibles begin 
to show. 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD . 


CLEVELAND 10, OHIO 


in Canada—Bailey Meter Company Limited, Montreal 
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NEW S-E-CO. COAL SCALE 


DESIGNED SPECIFICALLY 
FOR 
LARGE CENTRAL STATIONS 





Model 50 carries 24” wide stream 
of coal straight through 
without baffles, sloping skirts, 
or other restrictions 














Modern push-button power plants burning large quan- 
tities of coal find it more desirable than ever to obtain 
accurate, up-to-the-minute coal weights. These weights 
help operators get the last BTU from each pound of 
coal by helping them determine boiler efficiency, keep 


inventory records and balance mills. 


To provide these weights continually and without un- 


due maintenance requirements, Stock Equipment Com- 





pany engineers have developed the Model 50 Coal Scale. 
The inlet of this scale is a full 24” inside square. The 
extra wide feeder belt carries a stream 24” wide. The 


stainless steel weigh hopper has a 24” wide outlet. 





Because there are no restrictions or baffles inside the 
scale body, coal passes through easily, dependably, 
giving you the maximum in accuracy and trouble- 
free performance. 

The Model 50 Coal Scale is only one of the ways in which 
Stock Equipment Company continues to meet the grow- 
ing and changing needs of modern power plants. Years 





of experience in bunker to pulverizer and stoker equip- 
ment, combined with a constant attention to detail, 
make any S-E-Co. equipment the best you can buy for 
the job. 





SPECIALISTS IN STOCK Equipment Company 


BUNKER TO PULVERIZER AND 


aes FEES WANNA BLOG, CLEVELAND 16. -CHuI0 
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WHIRLEX dust collecting efficiency begins with “‘tailored”’ planning. 
Each dust collecting problem ... whether nuisance elimination 


BR a \bae ~ 
a rae E A \| “4 ‘\ : 3 - 
/| y KS : AY. >) \ or process material recovery . . . gets special study and handling. 
2 aan : ; : 
SS, Z FLiy AsH ARRESTOR engineering solves each problem with a 
* . " r . . 
PROBLEM SOLVERS mom te age assembled WHIRLEX Dust Collector 
nit specifica esigned and constructed for the job. 
FLY ASH ARRESTOR’S research labor- rand. gpmame digress . gear 
R WHIRLEX heavy-duty industrial exhaust fans are available to 
atory, engineering and manufacturing 5 = . 
focilities are totally set up ond especially handle any air moving problem. W HIRLEX standard forced and 
experienced to provide a “dollor- induced draft fans are available for boiler applications. 
saving” solution to the most perplexing WHIRLEX equipment assures maximum efficiency right from the 
dust collecting problem. Tell us about start . . . and continues to pay off with consistently low operating 
your conditions ... what you want done! and maintenance costs. 


e CTF Mechanical Gas Centrifuge Collectors e MTSA 9CYT Multiple Cyclone Collectors 
- e Induced Draft Fans « Forced Draft Fans ¢ Special Duct Work 
’ 48, }, ¢ Self-Supporting Stacks ¢ Support Structures 


WHIRLEX ,, 
™ "Pegi 
WH THE FLY ASH ARRESTOR CORPORATION 


269 North First Street Birmingham, Alabama 


rite today for complete engineering data... 
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Buying stop valves? 





Let me tell you 
about my operation! 


If an Edward Valve could talk, instead 
of going about its business quietly and efficiently, 
it might well exclaim proudly: “‘Let me tell you 
about my operation!” For there’s quite a story 
to be told . . . in steam, water, oil, gas or 
chemical applications, Edward stop 
valves are built for high performance 
and long, trouble-free life. With 
them, you will reduce mainte- 
nance costs, cut replacement 
inventories, obtain depend- 
able service . . . all at 


low initial cost. 


FORGED STEEL body, bonnet, yoke add extra strength 
to Edward stop valves! 


EVALLOY STAINLESS STEM resists corrosion! 


STELLITE FACED or EValloy stainless seat and disk 
last longer. 


SWIVEL DISK prevents seat galling! 
LARGE HANDWHEEL eases operation! 


STAINLESS STEEL SWING GLAND BOLTS aid easy 
repacking! 


POSITIVE BACKSEAT permits packing under pressure! 
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Rugged Fig. 448 
Forged Stee! 600 Ib 
Globe Valve 


Low Cost Fig. 2698 
Forged Stee! 600 Ib 
Globe Valve 


FOR FULL DETAILS on these and ether Rockwell 
Built Edward forged and cast steel valves, write for the 
Edward Condensed Catalog. 


Edward Valves, inc. 


Subsidiary of 


ROCKWELL MANUFACTURING COMPANY 


1206 WEST 145TH STREET Gi 
EAST CHICAGO, INDIANA @) 





New—Copes-Vulcan Variable-Orifice 


assures precise 
control 


Flanges at each end simplify 
installation and internal inspection 


Body is steel as required for 
pressure and temperature 
conditions 


Only one moving part—the ball 
held in position by Inconel springs 
which are protected by guides 


Only one outside connection — 
that for cooling water — is 
required 
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Desuperheater 
temperature 


Here is a unique desuperheating approach for 
close control of reduced steam temperatures, 
regardless of load variations. Using a weighted 
steel ball for controlling the orifice opening, 
this new Copes-Vulcan Variable-Orifice 
Desuperheater speeds the intimate mixing of 
cooling water and steam. Vaporization is so 
complete that reduced steam temperature can 
be held constant only 20 feet downstream from 
the desuperheater outlet — even over a 50-to-1 
load range. 


Advance design means: 

¢ No long run of piping needed 
to mix fluids 

¢ No excess water to be removed 
from the steam 


¢ No atomizing steam required 
¢ No spray nozzle or glands 


Incoming steam lifts the ball an amount deter- 
mined by the weight of the ball and the amount 
of steam flow. This assures a constant pressure 
drop of approximately 3 psig at all rates of 
flow, making possible precise control over 
extreme load ranges. Cooling water is con- 
trolled by a Copes-Vulcan valve responsive to 
the temperature controller. 

The Variable-Orifice Desuperheater is one 
of a complete line — each type engineered to 
meet particular operating conditions. Copes- 
Vulcan designs each station to meet your 
individual requirements. 


COPES-VULCAN DIVISION 


BLAW-KNOX COMPANY 


ERIE 4, PENNSYLVANIA 
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C-V NEWS NOTES 


On order for a 5000-psig 
boiler in an Eastern utility 
station, this Vulcan Selec- 
tive-Sequence Model 
SSC-120 control panel can 
preset four different or 
identical sequences of up 
to 120 soot blowers. 60- 
station Model SSC-60 con- 
trol also available. 





COPES-VULCAN 


7 


4) / 
Y nally e fl 
DESUPERHEATER 


New bulletin on Variable- 
Orifice Desuperheater 
gives complete description 
with specifications. Sche- 
matic drawings in color 
show typical installation 
and explain operating 
principle. For details, write 
for Bulletin 1037. 














How to tame 
a dust collection 
problem 








Look for the ‘hidden’ factors that deliver important 
extra efficiency, like the exclusive Shave-off in Buell 
Cyclones that harnesses the double-eddy currents to trap 
an extra percentage of dust. Side-entry of gases, 
Buell-designed manifolds, proper proportioning, 
extra-heavy-plate construction provide even more 
efficiency. Send for the ready “ 
reference booklet, “The Collection 

and Recovery of Industrial Dusts”. ““ 

Dept. 70-H, Buell Engineering 

Company, Inc., 70 Pine Street, 

New York 5, New York 


BUELL “SF” ELECTRIC PRECIPITATOR-CYCLONE Wwe 
CYCLONE PRECIPITATOR COMBINATION 2 : 


Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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Get a better return 
on your investment... 


fuclid SYD OWWTR 


The use of Twin-Power in earthmoving equip- 
ment, developed and pioneered by Euclid, has 
enabled contractors, mines, quarries and industrial 
operations to make a far better return on their 
equipment investment. With two engines, each hav- 
ing a separate power train, bigger loads are moved 
faster and at lower cost . . . with only one operator. 


Euclid’s Twin-Power Scraper is a good example 
of this advanced engineering. With struck capacity 
of 24 cu. yds.—and 32 yds. heaped — this machine 
can work independently without the pusher tractor 
assistance required by conventional scrapers. All 
wheel drive, powered by two engines providing a 
total of 518 h. p through two Torqmatic Drives, 
gives this ‘‘Euc’’ unequalled work-ability. ““Twins” 
have established new records for high production at 
low cost on a wide range of work. 


Twin-Power performance pays off in other Euclid 
equipment, too — crawler tractors and in rear-dump 
haulers of 40 and 50 ton payload capacities. If you 
use earthmoving equipment in your operations, 
Euclid Twin-Power may have an application that 
will produce a higher return on your investment. 
Complete information with technical assistance of an 
equipment specialist is available without obligation. 


EUCLID DIVISION «+ GENERAL MOTORS CORPORATION * Cleveland 17, Ohio 


MOVING EARTH, 


@ - 
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lauchicl Equipment 


ROCK, 


COAL AND 





rugged 


— 


YARWAY UNIT TANDEM BLOW- 
OFF VALVE, combining Hard-Seat 
plowing Valve and Seatiess sealing 
Valve in a common forged steel 
body. For pressures up to 1500 psi; 
hard-seat—hard-seat combination 
to 2500 psi. Welding connections 
shown Flanged ends also 
available. 
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rugged blow-down service 
YARWAY UNIT TANDEM BLOW-OFF VALVES 


When boiler pressures are high you may not and abrasion caused by precipitated solids. 
"blow-down a often, but, man, when Yarway Blow-Off Valves also are relied 
you do, you’re glad those blow-off valves ‘ rently: ; 
one tameadt Vanwue tale Wea upon to keep boiler level within desir- 
68 baits i able limits during quick starts of high 
More than 80°, of high pressure boiler plants pressure boilers. 


ste eo ” ioe aa heron Blow-Off Valves, Specify YARWAYs—to protect your boilers. 
; Write for Bulletin B-434. 
YARWAYs are strong, heavy-duty valves 
giving the important extra dependability YARNALL-WARING COMPANY 
needed for the severe combination of high 100 Mermaid Ave., Philadelphia 18, Pa. 
pressures (hence high velocities), acid cleaning, BRANCH OFFICES IN PRINCIPAL CITIES 


Yarway Unit Tandem Yarway Unit Tandem 

Valve sectioned through Valve sectioned 

hard-seat blowing valve. through seatless seal - 

Open position. ing valve. Open 
position 


— blow-off valves 
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. | 
29,1986 


“4 
= A date long to be remembered as a milestone 
in our expanding nuclear technology. On this day, 
after many months of scientific investigation, plan- 
ning and construction, the Experimental Boiling 


Water Reactor reached full power generation. 


This reactor, dedicated to the peace and 
prosperity of mankind, employs a promising new 
; : system for the generation of power from nuclear 
i ee fuels. Operating on a direct steam cycle, it elimi- 
aM nates the need for intermediate heat exchangers 
and permits operation of the reactor at a pressure 
no higher than that required for the turbine gener- 
ator system. 


The primary advantage of this “direct-boiling” 
reactor is the simplicity of the reactor itself and 
associated power system. In the simplest terms, 
the reactor is operating as a boiler. Nuclear energy 
liberated by a chain reaction heats the uranium 
metal fuel plates, which, in turn, transfer the heat 
to the water around them. This is diagrammatically 
shown in the sketch at left. Part of the steam pro- 
duced, at the proper pressure, is used for the 
generation of electricity. 


The continuous removal of corrosion products 
from the water in the reactor vessel is the function 
of the reactor purification system. This all-stainless 
steel system removes water from the bottom of the 
reactor and, after cooling, delivers it to the ion 
exchange columns. The resin exchange beds re- 
move all ionic impurities. Purified water is then 
pumped back with the feedwater. This ion exchange 
system consists of two Graver rubber-lined, mixed- 
bed units, 20” dia. x 84” high, having four inches 
of lead shielding and weighing about 18,000 
pounds each. 


Graver also furnished a second separate ion 
exchange, or demineralizing, system for the treat- 
ment of makeup water. That system has two rubber- 
lined, mixed-bed units, 24” dia. x 90” high, and a 
complete regeneration arrangement. 


Although only a small part of an important 
project, both of these systems had to meet. the 
extremely high requirements of engineering, con- 
struction and performance required in all Atomic 
Energy work — another example of Graver’s high 
engineering standards for water treatment 
equipment. 


Zz 
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Industrial Department: I-311 


GRAVER WATER CONDITIONING CO. 
Division of Graver Tank & Mfg. Co., Inc. 
216 West 14th Street, New York 11, N. Y. 
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Electronic Route to Lower 
Steam Power Piping Costs 


Control section of Kellogg’ s electronic computer. 


Kellogg’s Digital Computer o : c 
Permits More and Faster Restraint? [ye] | or fe | Sas fe 


Accurate Flexibility Analysis Modity Store 
Shope Old Branch 


of Complex Main Coefficients Metrix 
and Reheat Piping Systems 


Derive 
Restraint 
Relations 


Calculate 
, ° Expansions 
KEEPING PACE with the increasingly 
critical pressures and temperatures 
of the modern steam-electric power 
plant are M. W. Kellogg’s advanced 
techniques for pre-determining 
stresses and reactions of main and 
reheat piping. Most recent addition 
is a large magnetic drum digital com- 
puter, used to calculate forces, mo- cal euad 
ments, deflections, rotations, and a and Combine 
Branch? Metri 
stresses in complex piping systems. meee 
By enabling Kellogg engineers to 
undertake a far greater number of 
calculations in less time than ever 
before, electronic computation makes 
possible the ultimate or near ulti- 
mate piping system designs. Pipe Calculate Rasen ce Reteahade Casuod 
runs can often be shortened without Branch Forces and Examine omens and Mements 
° , . . M Dato 
sacrificing required margins of safety; 298 anante o Restraint 
capital investment and maintenance 
costs reduced; operating efficiency Sasso 
increased. Stresses and 
A pioneer in flexibility analysis Deflections 
techniques, which include manual 
calculations, model testing, and a 
smaller electronic computer, Kellogg Forces and 
ar 88 Computer Flow Sheet a 
continues its pioneering in the power an 
~ e This flow sheet shows the route 
piping industry by the addition of followed by Kellogg’s electronic 
this high speed computer to its New computer to calculate forces, mo- 
- - ments, deflections, rotations, anc 
. ts, deflect tat d 
York engineering facilities. stresses in high pressure and high 
A cordial invitation to see the temperature steam piping systems. 
M. W. Kellogg electronic computer 
at work is extended to consulting 
engineers and to engineers of power 
generating companies and their FABRICATED PRODUCTS DIVISION 
equipment manufacturers. Appoint- THE M. W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17, N. Y. 
ments may be made through the A SUBSIDIARY OF PULLMAN INCORPORATED 
Sales Manager, Fabricated Products The Canadian Kellogg Company Limited, Toronto e Kellogg International Corporation, London e aL <ellogg, Parts 


_—— ellogg Pan American Corporation, New York « Companhia Kellogg Brasileira, Rix 
Division. Compania Kellogg de Venezuela, Caracas 


Beginning 


tanh? End of Data? 


FA 
KELLOGG ae 
\W/ 
POWER PIPING—THE VITAL LINK 
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.-»- ANSWERING YOUR QUESTIONS ABOUT 


A pextor Number 1 for boilers 


HOW MUCH CLEANING IS NECESSARY 

BEFORE APEXIOR-COATING? 
A surface no cleaner than good operating 
practice demands is all the foundation 
Number 1 — the 


coating that ever after holds steel at 


needed for Apexior 
newly cleaned efficiency. 
HOW DOES THE DAMPNEY 


TEST KIT SERVE? 


By saving man-hours that might be ex 
A quick, 


check tells when cleaning has delivered 


pended needlessly. three-step 
just-right surfaces, prepared neither less 


nor more than necessary. 


DOES THE APEXIOR-COATED BOILER 
STAY CLEAN IN SERVICE? 


Because Apexior discourages deposit 
formation and bonding, the coated boile: 
needs less cleaning, less often. Inspection 
is easier, too—for a sound Apexior 
surface reveals itself readily, assuring 


equally sound steel 2% mils beneath. 


DOES CHEMICAL CLEANING 

AFFECT APEXIOR? 
In no way. Rather, Apexior takes on the 
added function of preventing acid-metal 
contact and the resultant attack, how 
ever slight, that might occur. Those en 
gaged in chemical cleaning report that 
Apexior speeds the process by keeping 


deposits few and less tenacious. 


WHEN SHOULD A BOILER 
BE APEXIOR-COATED? 


To seal water-contact surfaces perma- 
nently at highest efficiency and take them 


safely through the initial shake-down 


period, a new boiler should be Apexior- 
coated immediately after erection; an op- 


erated boiler, immediately after cleaning. 


iS APEXIOR BOILER COATING DIFFICULT? 
Not at all. Apexior is brush applied — by 
hand to drums and flat areas; by air- 
driven tube turbine, brush-equipped, to 
tube interiors. Application is regularly 
made by plant crews with or without 


initial Dampney supervision. 


HOW LONG DOES APEXIOR LAST? 

A conservative estimate: Five years be- 
fore retouching or renewal. Under ideal 
conditions: Ten to twelve . . . for 
Apexior’s primary function is preventive 
maintenance — its life, directly propor- 
tional to the work it has to do in sup- 


plementing good boiler practice. 


This message—one of a series — presents 
more reasons why Apextor Number 1, first 
used inside boilers in 1906, is today manufac- 
tured in the United States and four foreign 
countries to meet world-wide demand for pro- 
tection of 

boiler tubes and drums 

evaporators 

deaerating and feedwater heaters 

steam turbines 


MAINTENANCE FOR METAL 


HYDE PARK, BOSTON 36, MASSACHUSETTS 
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EASTERN GAS AND FUEL ASSOCIATES 


PITTSBURGH * BOSTON ® CLEVELAND * DETROIT * NEW YORK 
NORFOLK © PHILADELPHIA © SYRACUSE 
For New England: New England Coal & Coke Co., For Export: Castner, Curran & Bullitt, Inc. 





Highest Standard 
in Boiler 
and Pressure Tubing 


Electric welded boiler tubing is used today by 
all of the leading manufacturers of boilers and super- 
heaters-—stationary, marine, and locomotive—high 
or low pressure—and meets the requirements of 
government and commercial specifications. 

With recent changes in the A.S.M.E. Boiler Code, 
it’s now possible to use electric weld boiler tubing at 
pressures in excess of 2,000 lbs. High strength“ Grade 
C” tubes are available for even higher pressures. 

Uniformity of temper and wall thickness makes 
Standard tubes easier to roll for tight . . . sure fit. 
Standard’s fine, smooth surface eliminates any need 
to polish ends for tight fit. Even a microscope won't 
spot the exact location of the weld. 

Nowhere will you find any more modern and 
complete facilities for precision manufacture and 
inspection of Boiler and Pressure Tubing than you'll 
find at Standard. 

For complete information on all Standard prod- 
ucts and services send for free 8-page folder today. 


STANDARD 


Free —— “ao on THE STANDARD TUBE COMPANY 
at Shandavé produsts. 24400 PLYMOUTH ROAD ° DETROIT 39, MICHIGAN 


Write address below. 
Welded stainless tubing and pipe ¢ Welded carbon steel mechanical e Boiler and Heat Exchanger 
e Exclusive rigidized patterns « Special Shapes ¢ Steel Tubing — Sizes: 4%" OD to 5%” OD 
— .028 to .260 wall ¢ Stainless —Sizes: 4" OD to 4%" OD —.020 to .165 wall. 


Every length of Standard Boiler and Pressure Tubing 
is tested at pressures far beyond code requirements 
and can be readily bent or otherwise fabricated. 
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PACIFIC °° PUMPS 


CONTINUOUS POWER...a /uust in Southern California 


Edison’s giant El Segundo steam station. Three Pacific 
boiler feed pumps were placed in operation for unit No. | 
in 1955. Two more Pacific pumps were selected and went 
on the line for unit No. 2 in 1956. The combined generat- 
ing capacity of the two units is 350,000 kilowatts. These 
Pacifics, each delivering 685,000 Ibs./hr. of 360°F. feed 
water at 2350 PSIG, unfailingly serve Southern California 
Edison’s El Segundo plant needs. Whenever continuous 
boiler feed service is an absolute must... then nothing but 
the best, most dependable service will do... Pacific Boiler 
Feed Pumps! 
Write for Bulletin 122 


PACIFIC PUMPS INC. 


HUNTINGTON PARK CALIFORNIA 


Offices in all Principal Cities 








American Blower Fan Wheels 


SIROCCO WHEELS 
for forced and induced draft duty 
@ For balanced draft or pressurized furnace 
@ Low tip speed 


@ Die-formed, forwardly inclined blades and heavy 


streamline inlets 


@ Used in power plants the world over 


AHS WHEELS 
for forced and induced draft duty 


@ Backwardly inclined, nonoverloading horsepower 
characteristic 

@ For given duty operates at higher R.P.M. 

@ Single thickness flat or curved blade 


@ Heavy rolled streamline inlets 


AIRFOIL BLADE WHEELS 
primarily for forced draft duty 


@ Blades are of airfoil cross section, die formed and 
reinforced as required 
@ High mechanical and static efficiency 


@ Nonoverloading power characteristic 


® Available with vanes and/or boxes 
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RADIAL BLADE WHEELS 


for forced, induced and gas 
recirculating duties 


@ Pressure characteristic favorable to 
gas recirculating application where 
unusual system pressures prevail 


@ Designed for severe temperature and 
pressure duty 


@ Available with straight radial or ra- 
dial tip blades 


Radial tip blade wheel Straight radial blade wheel 


SINGLE INLET RADIAL BLADE 
WHEELS FOR PRIMARY AIR, 
VENT, AND OVER FIRE DUTY 


@ Designed for high temperature, high 
pressure applications 


@ Radial or backwardly inclined blades, 
single inlet 


@ Over 1200 primary air fans in oper- 
ation 


Rim type wheel for Rimless wheel for 


primary air fans vent and over fire fans 


ig your plans include mechanical-draft equipment— 

for new installations or as replacements—consult 
your American Blower sales engineer. He can give you 
helpful information on job-fitted American Blower 
equipment to meet your power-plant requirements. Call 
our nearest branch office or write: American Blower 
Division of American-Standard, Detroit 32, Michigan. 
In Canada: Canadian Sirocco products, Windsor, Ont. 


AMERICAN BLOWER 


Division of AAMERICAN-Standard 


QUALITY PROTECTS YOUR INVESTMENT. . Ammrican-Standard QUALITY IS AVAILABLE AT NO EXTRA COST 
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Hall Industrial Water Report 


VOLUME 5 


AUGUST 1957 


Many Contaminants Can Get into Boiler Feedwater 


The boiler is the sump in which all solids present in the feedwater 
must tend to accumulate. Normally, condensate returned to the boiler 
is relatively pure and the usual solids in the additional make-up water 
are handled routinely by chemical treatment and blowdown. When 
unexpected contamination of feedwater does occur, quick action is 
necessary to avoid serious trouble due to carryover, corrosion or tube 
losses. The Hall engineer is specially trained to help the plant operators 
locate the source of the contamination and get boiler water conditions 


back to normal. 


Get the Lead Out 


When an eastern utility plant first 
opened a new high-pressure turbine, 
unexpected deposits were found on 
the blades in the reheat section. 
Even more unexpected was Hall Lab- 
oratories finding that the deposits 
were composed largely of lead sili- 
cate, an unprecedented constituent 
of such deposits. 

A careful search for the source of 
the lead by plant engineers covered 
the entire boiler-turbine system and 
ended at the condenser. At start-up, 
considerable leakage had occurred 
between the condenser shell and tube 
sheets and between tube sheets and 
water boxes. When red lead com- 
pound was forced into the joints to 
seal the leaks, appreciable amounts 
had flowed between the tube sheets 
and shell into the steam space. 

How did the lead get to the tur- 
bine? Slowly dissolving in the con- 
densate, the lead oxide passed to the 
boiler in the feedwater, distilled off 
along with silica in the steam and 
deposited as lead silicate when de- 
crease in temperature and pressure 
made the steam no longer capable of 
carrying it. Thorough cleaning of 
the steam space of the condenser was 
necessary to correct the problem. 


Diagnosis by Odor 


Hall field engineer R. M. Jordan 
was called to a paperboard plant to 
solve a bad carryover problem which 
had developed because of contamina- 
tion of the boiler water. A major clue 
was an odor of burned sugar through- 


out the plant and in the surrounding 
area. 

Because of previous training and 
experience, Jordan’s first question 
was whether any plant operation 
involved the use of starch. This led 
directly to the department where a 
starch base adhesive was prepared by 
indirect heating with steam. There a 
leak in the steam coil was found 


which had permitted siphoning of 


adhesive into the condensate line 
when the steam was shut off. De- 
composition of the starch in the 
boiler resulted in foaming of the 
boiler water and in the odor of 
burned sugar in the steam. 


Raw Water Instead of 
Raw Carrots 


When a foaming problem devel- 
oped at an eastern food processing 
plant, the experienced operators 
looked for a leak at a kettle with 
resulting contamination of the con- 
densate with some vegetable prod- 
uct. When they were unable to trace 
the problem to the usual sources they 
called Hall field engineer D. H. Pyle. 

Pyle’s first move was to analyze 
the boiler water. He found no phos- 
phate even though a satisfactory 
amount had been reported shortly 
before the foaming started. Conduc- 
tivity was very little greater than it 
had been earlier, indicating no great 
change in dissolved solids. However, 
the concentration of suspended solids 
was abnormally high. 

The signs pointed to raw water 
contamination of condensate. Hard- 


NUMBER 4 


ness determinations on the various 
condensate streams quickly revealed 
raw water leakage in a group of 
tubular water heaters. With this 
information the operators were able 
to stop the contamination and to get 
boiler water conditions back to nor- 
mal in short order. 


pony ames in Boilers 


Late one afternoon Hall field engi- 
neer E. A. Ramalho received a call 
from a mid-western food processing 
plant in real trouble. Total solids 
concentration of the boiler water was 
far too high. Carryover wasoccurring. 
Despite increased feeding of phos- 
phate and alkali, adequate concen- 
trations could not be maintained in 
the boiler water. 

Arriving at the plant, Ramalho 
had the operators give the boilers 
more blowdown and greatly increase 
phosphate and alkali feeding to main- 
tain tolerable conditions in the boiler 
water until the source of the diffi- 
culty could be located. 

Finding the point of contamina- 
tion was not easy because of the 
large numbers of return lines and 
pieces of steam condensing equip- 
ment to be checked. However, Ram- 
alho and the operators gradually 
narrowed down the search. Finally, 
in the wee hours of the morning, 
they found a leak in a small exchanger 
heating calcium chloride brine. Ar- 
rangements were immediately made 
to discard the condensate from this 
heat exchanger and further mopping 
up operations were easily ac- 
complished. 


Industrial Water Problems 
Require Special Handling 


There are no “stock answers’’ to 
industrial water problems. For infor- 
mation, write, wire or call Hall Labo- 
ratories, Division of Hagan Chemi- 
cals & Controls, Inc., Hagan 
Building, Pittsburgh 30, Pa. 


Water is your industry’s most im- 
portant raw material. Use it wisely. 


Hall Laboratories —Consultants on Procurement, Treatment, Use and Disposal of Industrial Water 
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ALL IN A DAY’S WORK AT Ctaburgh Ooig 


PIPING FC 


Fabricated section in foreground A 
is austenitic steel piping—the first : 
fabricated for the world's first a This piping is a record maker—being the first ever made for 
big atomic-power central station. a big atomic-power plant—the Duquesne Light Shippingport 
Other components of this system station. This job, while challenging, was facilitated by 
are shown at the right. 4 employing the techniques which we had previously devel- 
” oped for fabricating austenitic steel piping for central 
stations operating at steam temperatures of 1050°F. and 
higher, as well as for the Nautilus. In fact, Pittsburgh 
Piping was among the first to fabricate stainless steel 
4 piping—for the process industries, in 1927. And, we 
FREE TECHNICAL BULLETIN ’ % pioneered the use of stainless steel piping materials 
ON PIPING MATERIALS ; 7 . in the power field. We have the experience and the 
. facilities—use them on your high temperature, high 
This bulletin reports an intensive investiga- pressure piping jobs. 
tion into the problem of main steam piping 
materials and gives data on the stress rup- 
ture characteristics of Types 316 and 347 
stainless steel piping adjacent to welded 


joints. 
Promoting Progress IN POWER AND PROCESS PIPING 


(Huaburgh Cfonp AND EQUIPMENT COMPANY 
158 49th Street — Pittsburgh, Pa. 

Canada: CANADIAN PITTSBURGH PIPING, LTD., 835 BEACH ROAD—HAMILTON, ONTARIO 

Whitehead Building Hollywood ......1828 North Alexandria Ave. 

10 High Street New Orleans... 6... cccccccee P.O. Box 74 

Peoples Gas Building Woolworth Building 


Public Square Building 113 Se. Salina Street 
Toronto 68 Yonge Street 
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Why the Bowl Mill is 


AMERICA’S No. 
PULVERIZER 


ts @ quick picture of 


acceptance of the Bowl 





ntroduction in 1935 


_— 
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Cutaway view showing assembly of roller 


journal in bowl. Note 1 —no metal-to 
metal contact; 2 — self contained lubrication 
system (no grease cups 3 — convenient 


method of adjustment without dismantling 


Looking down on top of mil See handy 
arrangement of evers which adjust 
vanes while in operation to con 


trol fineness of coa leaving mifl 


COMBUSTION 
ENGINEERING 


Combusiion Engineering Building * 200 Madison Avenue, New York 16, N. Y. 
Canada: Combustion Engineering-Superheater Ltd. 


8-987 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS 
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fest-class pulverizer should possess certain basic capabilities of which the following 
sneak cperators will agree — are the most important. They are the ability 10 . « 


@ handle high moisture fuels without difficulty 


@ operate with low power requirement 

© stay in continuous service for long periods 

* operate with low maintenance costs 

& permit convenient control of fineness while running 
e adjust grinding pressure automatically 

@ lubricate, when required, while in operation 

© operate quietly and without vibration $ 


nts thet Whee. 
is because the C-E Raymond Bow! Mill measures up on ail these poi ane 
long been regarded by many leading power engineers as the country’s No. 1 pul 
verizer. The reasons why the Bow! Mill is an outstanding all-around performer me P 


surnmarized below. 


HIGH MOISTURE— The most effective means of achieving good 
pulverizing results with high moisture fuels (16 — 18% — Eastern 
coal, 24% Midwestern, 45 — 50% lignites) are (1) by the admix- 
ture of fuel already dried in the mill with the raw feed and (2) by 
the use of high temperature air. The C-E Raymond Bowl Mill 
was designed to do both of those things, and does them well. Air 
temperatures of 700° F. and above can be utilized. 


LOW POWER CONSUMPTION — Basic design characteristics of the 
Bowl Mill permit pulverizing at less power per ton of material 
than any mill now available. The rapid flow of material through 
the mill and the prompt removal of fine coal as it is produced 
prevents over-grinding. This, in conjunction with the relatively 
low mass of grinding elements and rapid drying action in the 
mill, assures minimum power consumption. 


RELIABILITY — Design and materials are responsible . . . but results 
prove the point — such results for example as operating records 
of 8500, 10,000, 15,000, 20,000 continuous service hours without 
repair or replacement of parts. 


MAINTENANCE — Bowl Mill maintenance cost has always been the 
lowest in the field. Continuing improvements in designs, materials 
and construction keep it that way. A minimum of outage time is 
required for dismantling and assembly. It’s a matter of record in 
many plants that higher costs of material and labor over the past 
15 years have not been reflected in increased maintenance cost 
per ton of coal pulverized. 


FINENESS CONTROL — All necessary adjustments to control fineness 
of finished product can be made conveniently from the outside of 
the pulverizer while it is in operation. 

AUTOMATIC GRINDING PRESSURE— The arrangement of spring- 
loaded roller journals on the Bowl Mill provides automatic com- 
pensation for the variation in pressure between grinding surfaces 
required by variation in grindability of coals. 


JBRICATION — Is no problem with the Bow! Mill. When required 
— at infrequent intervals — all lubrication is handled from outside 
the mill while it is in service. 


VIBRATIONLESS — QUIET — The Bowl Mill’s grinding rollers make 
no metal-to-metal contact with the grinding ring, assuring quiet, 


vibrationless operation. 
. * c 


Whether you are evaluating pulverizers for your pres- 
ent plant expansion program or for future require- 
ments, we suggest you use the above check list to get 
the facts. Send for Catalog PC-8 for further details, 


PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL 


COMBUST IO N—August 1957 





; Coal the t* conditioning 


VW «.. deaerator 


best suits your requirements? 


These six bulletins will give you the answer. 


Starting with the bulletin on Why and 
How of Deaeration, you are introduced to 
the problems encountered and advantages 
of the various types of deaerators. 

Other bulletins cover the specific 
application of the Jet-Tray, Tray Type, 
Atomizing Deaerator, Surface Type 
Deaerating Hot Water Heater and 
Cold Water Deaerator. 

Regardless of the application you 
require, you will want these bulletins for 
your file. Cochrane Corporation pioneered 
in the field of deaeration and today 
manufactures every type of deaerator 
to meet any specific application, as well 
as a complete line of water condition- 
ing equipment. This background assures 
you that guarantees will be met and 
that whatever your requirements, 
Cochrane can furnish you with the 
exact type to fit your needs. Why not 
write for this series of six bulletins today? 
Consult Cochrane first on your water 
conditioning problem. 


Cochrane 

Oo 82: &:. @- & =. 3. = 
3109 N. 17TH STREET, PHILADELPHIA 32, PENNA. 
NEW YORK - PHILADELPHIA - CHICAGO 


Cochrane Water Conditioning ltd., Toronto 4; Montreal 1, Canada 


Representatives in 30 principal cities in U.S.; Paris, France; La Spezia, Italy; 
Mexico City, Mexico; Havana, Cuba; Caracas, Venezuela; San Juan, Puerto 
Rico; Honolulu, Hawaii; Manila, Philippine Islands. 


Pottstown Metal Prods. Div.— Custom built corbon steel and alloy products. 


Demineralizers + Zeolite Softeners + Hot Process Softeners * Hot Lime Zeolite Softeners * Dealkalizers * Reactors * Deaerators * Pressure Filters 
Continuous Blowoff Systems * Condensate Return Systems * Steam Specialties 
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For Fly Ash Collection... 


Western Precipitation 


presents 

its latest development 

in a quarter-century of 
continuous advancement 


in Mechanical Collectors 


... the “9VGR” 
MULTICLONE! 


Hittite sc 





Over 25 years ago NEW 9VGR FEATURES... 


Western Precipitation Corporation 
pioneered the high-efficiency multiple- 
tube principle that has proven so 
superior it is now the pattern for 

the industry. 


The Multiclone continues to be years 
ahead of all other centrifugal collectors 
because it incorporates the invaluable 
“know-how” gained through these 
many years of leadership in the field 
—leadership ti.at is further emphasized 
by introduction of the 9VGR Multiclone, 
another important milestone 

in Multiclone’s quarter-century of 
outstanding performance. 


1. 


No need for continuous 
external support. 


. Easier and less costly to 


insulate. 


. Minimum dust stratification. 
. Improved dust distribution to 


all tubes. 


. Simpler installation, lower 


erection costs. 


. Freedom from leakage at all 


critical points so that full 


collection efficiency is obtained. 


F200 The proven superiority of 


CAST IRON TUBES and VANES! 


Through the years, others have 
tried special alloy steels and so- 
called “miracle” metals, but noth- 
ing has proven as satisfactory in 
actual field service as cast iron. In 
the past quarter-century more 
than 270,000 Multiclone tubes 
have been placed in service with 
less than 1.85% replacement—a 
performance record unequalled in 
the industry! 


There are many other advantages built into the 9VGR. There 
is a Multiclone representative near you who will be glad to 
supply complete details. Or write direct, asking for your 
free copy of Bulletin #M209 which contains full details. 


Western Precipitation Corporation 


Cup Designers and Mapetpetucere A. Equipment for Collection of Suspended Material from Gases 


Equipment for the Process Industries 


COTTRELL Electrical Precipitators 


Main Offices: 


1022 WEST NINTH STREET, LOS ANGELES 54, CALIFORNIA 


nL ee Chrysler Building, New York 17 + 1 North La Salle Street Building, Chicago 2 + Oliver Building, 
A verse Jet Filt Pittsburgh 22 + 3252 Peachtree Road N. E., Atlanta 5 +« Hobart Building, San Francisco 4 
Precipitation Company of Canada Ltd , Dominion Square Building, Montreal! 
Representatives in all principal cities 


DUALAIRE Reverse-Jet Filters 
HOLO-FLITE Processors 
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CONSTANT SUPPLY | 
CONSTANT EFFICIENCY 
CONSTANT LOW COST 


B.O BITUMINOUS COALS FOR EVERY PURPOSE 


Ask our Man! BALTIMORE & OHIO RAILROAD, BALTIMORE 1, MD. Phone LExington 9-0400 
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DE LAVAL 


BARREL TYPE 
BOILER FEED PUMPS 


Modern central stations use. 


te: iss 
a + 


sited canna ‘i ~~ 2 


ars ' bet he 


Three ten-stage De Laval high pressure, barrel type boiler feed 
pumps, are on the line at the Deepwater Station of the Atlantic 
City Electric Company. Shown above is an aerial view of this 
station located in Penns Grove, New Jersey at the southern end 
of the Jersey Turnpike. Each pump delivers 675 gpm to the 
boiler for a total flow of 685,000 pounds per hour. Each pump 
operates at 1762 psi with temperature at 287 F., and is driven 

by a 900 hp motor. 

When it came time to modernize one of their existing facilities, 
Atlantic City Electric Company and Gibbs & Hill, Inc., consult- 
ing engineers, chose two similar De Laval pumps to serve 


a new 79,000 kw generator. 
Send for De Laval 


IMO Pumps For Fuel Oil Service Bulletin 1506, which 
Also doing an important job in this Atlantic City Electric / contains helpful data. 
Company station are De Laval IMO screw-type positive 
displacement pumps. They supply fuel oil to the burners 


round the clock. 


DMO Boiler Feed Pumps 


LAVAL STEAM TURBINE COMPANY 


S86 Nottingham Way, Trenton 2, New Jersey 
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Greenlee cuts steam costs 18%-20% 
burning coal the modern way 


Consult an engineering firm 


Designing and building hundreds of heating and power installa- 
tions a year, qualified engineering firms can bring you the latest 
knowledge of fuel costs and equipment. If you are planning the 
construction of new heating or power facilities—or the remodel- 
ing of an existing installation—one of these concerns will work 
closely with your own engineering department to effect substan- 
tial savings not only in efficiency but in fuel economy over the years. 


facts you shoule know about coal 


In most industrial areas, bituminous coal is the lowest-cost fuel 
available ¢ Up-to-date coal burning equipment can give you 
10% to 40% more steam per dollar * Automatic coal and 
ash handling systems can cut your labor cost to a minimum. 
Coal is the safest fuel to store and use * No smoke or dust 
problems when coal is burned with modern equipment ¢ Be- 
tween America’s vast coal reserves and mechanized coal 
production methods, you can count on coal being plentiful 
and its price remaining stable. 


Expanding facilities at Greenlee Bros. & Company, 
Rockford, Illinois, created a problem common to 
many growing firms. The Company’s three old boilers 
had to operate continually at maximum capacity, so 
that a forced outage could hurt plant production. In 
addition, peak load operation with outmoded equip- 
ment resulted in high fuel costs. 

While the newest boiler was retained, Greenlee re- 
placed the other two with modern high-capacity units, 
including stokers, up-to-date controls and other equip- 
ment for more efficient operation. A new, pneumatic 
ash handling system was installed. Today Greenlee is 
getting 10°%-20°% more steam for each pound of coal 
burned and steam costs are down 18%-20%, saving 
Greenlee thousands of dollars every year. 


For further information or additional case histories 
showing how other plants have saved money burning 
coal, write to the address below. 


BITUMINOUS COAL INSTITUTE 
Southern Building ¢« Washington 5, D.C. 
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You'll never have to nurse this O, Analyzer 


What are your most serious complaints about 
O, analyzers? Cumbersome? Slow? Unstable? Hard 
to service on the job? 

You won't find these potential trouble-sources 
in our new Unitized O, Gas Analyzer. They’ve 
been literally “‘designed out’? by L&N engineers 
with experience totaling millions of man-hours 
in industrial gas analysis. 

The Unitized O, Analyzer is reduced to the 
essentials consistent with highly efficient O, meas- 
urement and control. The entire analysis is made 
within the 2-component team of O, Analyzer 
Assembly and Speedomax™ recorder, eliminating 
unwieldy auxiliary components such as sample 
conditioners. Due to its direct magnetic operation, 
the equipment employs neither auxiliary gas sup- 
plies, chemical reactions, nor combustion. Sample 
and calibration controls are accessible externally, 
without disturbing the measuring system. 

We've introduced sampling innovations, too. 
The Analyzer gets a sample not only cleaned but 


purified. A typical sampling lag is 1 sec per 45 ft 
of |,” tubing, up to several hundred feet. 

The Unitized O, Analyzer can help to stream- 
line O.-dependent processes. For pertinent details 
of this O. monitor, write to 4972 Stenton Ave., 
Phila. 44, Pa., for Folder ND46-91(5). 


PERFORMANCE 
Range 0 to 5% O., 0 to 10% On, or higher 
in flue gas or N, as specified. 
Accuracy 0.15% O 
Sensitivity Better than +0.05% O 
Stability Better than +0.15% O 
Response 4 sec for initial response; 
40 sec for 90% response. 


wee 


instruments 


NORTHRUP 


automatic controls ¢ furnaces 
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THE NAME TO WATCH IN 


HEAT TRANSFER EQUIPMENT 


HEAT EXCHANGER DIVISION OF 


vw LUMMUS ....... 





Important to every user of heat transfer equipment is the acquisition of the 

Heat Exchanger Division of The Lummus Company by Yuba Consolidated 
Industries, Inc. The management, sales and engineering personnel, as well as 
the designs, patents, and manufacturing facilities of the former Lummus oper- 
ation at Honesdale, Pennsylvania, are now part of the YUBA nation-wide organ- 
ization. YUBA is proud of the opportunity to identify its name with the long 
established recognition enjoyed by Lummus in the power industries, as well as 
in the chemical and petroleum processing fields. The continuing pioneering 
development for which Lummus has been known, and its existing commitments 
and obligations, will be carried forward in every phase under the YUBA 
name. For your current and future requirements consult YUBA first. 





YUBA HEAT TRANSFER DIVISION VUBA 


General Sales Offices and Plant — Honesdale, Pennsylvania 
Eastern Division Sales Office — 385 Madison Ave., New York, N.Y. 
Other Yuba Consolidated Industries, Inc. Plants: Buffalo, N.Y. * Richmond, Calif. * Benicia, Calif. CONSOLIDATED INDUSTRIES, INC 


NATION-WIDE SALES REPRESENTATION IN retHnerteat Sires 
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WHEN YOU SPECIFY ‘‘FLEXITALLIC’’ 


There is something unique about 
Flexitallic Spiral-Wound Gaskets, the 
result of more than 45 years in 
gasket design and construction. At 
Flexitallic ... 
Compression response of the gas- 
ket is directly related to bolting 
for each application; 
With the desired gasket design 
determined, exacting mechanical 
controls assure that manufac- 
tured gaskets conform to speci- 
fication. 


That is yes more and more engineers 


piral-Wound. 

Plexst llie~ Gaskets“ are designed to 
gfiditions of pressure, 
ermal shock, chemical 


attack and cyclic operation. Spiral- 
Wound V-crimped plies of required 
metal with alternating plies of proper 
filler result in a gasket with compres- 
sion characteristics like those of a 
precalibrated spring. 


Flexitallic Gaskets — for pressure/ 
temperature ranges from vacuum to 
10,000 Ibs. from sub-zero to 2000° F. 
For all standard joint assemblies. 


FLEXITALLIC GASKET CO. 
8th & Bailey Sts, Camden 2, N. J. 


Representatives in principal cities 
Ht 
® 


SPIRAL-WOUND GASKETS 


moPIPE FLANGES, PRESSURE VESSELS AND PROCESS EQUIPMENT 


N ke a Flexitallic Gasket 
l anadian asbestos filler 


e else an ma 
e blue-dyed C 
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COMBUSTION 


Editorial 





Heat, Man and Utility Services 


New York City, at the time of this writing, has been 
suffering the effects of the first heat wave of the season. 
The New York Times in its Wednesday, June 19, issue, 
stated that the city had set a record for use of electricity 
as desperate residents sought every form of artificial 
cooling in a sweltering 92 F heat. 

Consolidated Edison Co. serving the five boroughs of 
New York City plus Westchester reported a peak of 
3,401,000 kw between 1:00 and 2:00 p.m., June 1S. 
This compared with the record of 3,283,000 kw on a 
frigid 3.1 F day last January 15, and the previous summer 
record of 3,203,000 kw, June 27, 1956. (The very day 
this June 18 peak record was reported it was broken, 
June 19, when the demand hit 3,422,000 kw.) To 
our knowledge this is the first time the summer peak 
exceeded the winter one in the New York City area. 
We feel it presages things to come. 

Com Edison, however, had its problems compounded 
on the preceding day, Monday, June 17, when the de- 
mand approached the previous peak record. The 
company working arrangement with Niagara 
Mohawk Power, Long Island Lighting Co., Central 
Hudson Gas and Electric and Rockland Light and Power 
to give it in effect an available capacity of 4,000,000 kw, 
for a margin of about 14 per cent above even this new 


has a 


Mechanical Brains 


A fast-growing fact of life for utility management to 
day is the arrival on their properties of mechanical brains 
in the form of electronic computing devices. We are 
grateful to G. L. Way, assistant manager of engineering 
for the Bechtel Corp., for some illuminating statistics 
he compiled on these devices and some sage comments 
he advanced on their applications before the sem1- 
annual meeting of the ASME in San Francisco, June 9-13. 

From a survey of 150 of the major utilities representing 
about 73 per cent of the total U. S. generating capacity, 
Mr. Way received replies from 101 firms. The reporting 
firms indicated the punch-card equipment so familiar in 
accounting operations seems to have essentially saturated 
its market. Analog and digital equipment, however, 
face a different future. Of the 28 analog installations, 
13, or about half, are over five years old. With the ex- 
ception of two Federal government utilities all these 15 
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peak. At the very hour of need, Monday, June 17, 
the chain of circumstances all operating men worry 
about, occurred. Certain of the tie-line partners were 
deep in troubles of their own. Before Con Edison could 
activate its off-the-line equipment and pick up the load 
it had had to inflict brief shutdowns upon certain of its 
Brooklyn and Bronx subscribers. 

In our opinion Con Edison performed a masterful job 
of public relations. It told its story on TV, the radio 
and to the press. It pointed out such fundamentals as 
that electricity cannot be stored in quantities useful 
for supplying a city, that it takes up to six years to build 
and install a kilowatt of capacity and hence that Con 
Edison has in force a planning section constantly keeping 
tabs on population and use trends to keep ahead of 
load growth. Further, like prudent insurance com 
panies, Con Edison reported that it spreads its risk of 
sudden demand surges through tie line connections with 
neighboring utilities. By this means it very effectively 
and quickly scotched the thought that the limit had been 
reached for air conditioning and refrigeration devices. 
We think the industry can profit from the example of 
an alert operating company capable of safeguarding its 
reputation and fast-moving enough to do the job effec 
tively and, we think, most satisfactorily. 


are in the largest capacity group. There are no digital 
installations over three years old reported, and 16 of the 
current 23 are less than a year old or not yet installed. 
The state of the art in correct application of these com 
puter aids is progressing well. Industry and the engi 
neering societies have combined to present case histories 
of application experiences and to further the dissemi 
nation of the ideas and knowledge arising from these 
early applications. Yet in the last analysis, as Mr. Way 
so ably states, the machines are only as good as the infor 
mation fed to them. The competent scientist and engi- 
neer still must play the major réle. He it is who must 
express engineering applications in complex equations 
which in turn can be converted into forms which the 
computer can handle. And so we come up to the ines 
capable conclusion that the mechanical brains will force 
industry to seek out more and better trained engineers. 
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System requirements, in the author's 
opinion, determine the choice of high tem- 
perature water or steam for heating and 
process needs. For large heating systems 
and certain process applications high tem- 
perature water frequently has the advan- 
tage. Today boilers are available designed 
specifically for high temperature water 
service, and standardized to reduce costs. 


By S. F. MUMFORD’ 


Combustion Engineering, Inc. 


Controlled Circulation Boilers for 


IGH temperature water systems are closed sys 
tems. Makeup is required only to restore the 
amount of water that leaks out of the system at 

valve stems, pump shafts and similar packed joints 

Obviously the average water temperature in the system 

will vary within limits, depending on the load, and as a 

result an expansion drum is used to permit expansion or 

contraction of the water volume as a result of change in 
average water temperature 

To maintain pressure in the system two methods have 
been used, steam pressurization and gas pressurization. 

Gas pressurization is commonly called mechanical pres 

Gas identifies the type of fluid used for pres- 

a method used 


surization 
surization, whereas mechanical indicates 
to pressurize the fluid 

In the steam pressurized system, steam is permitted 
The 
fuel firing rate of all operating boilers is controlled by 
If pressure tends to fall 


to form in the upper portion of the expansion drum. 


pressure in this common drum. 
below the set pressure fuel firing of all operating boilers 
is equally increased, and conversely, if pressure tends to 
increase above the set value a similar reduction occurs. 
The small amount of makeup required to hold water 
level in the expansion drum within predetermined limits 
is added intermittently and automatically by a small 
makeup pump 

In the gas or mechanical pressurized system a pressure 
is maintained above the water level in the expansion 
drum using air, or more recently, nitrogen. This pres 
sure 1s maintained independent of the heating load by 
means of suitable controls which add or bleed off the gas 
as changes in water level occur. Firing of each boiler 
is controlled by the water temperature leaving the boiler. 


* Presented at Annual Meeting of National District Heating Association 
in Hot Springs, Virginia, June 5, 1957 


Chief Engineer, Hot Water Boiler Di 
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GAS PRESSURIZED SYSTEM 











CIRCULATING PUMPS 


ee a ae See a 


SAT. PRESS t, 
BOWER SYSTEM DRUM PUMP 


Fig. 1—Gas pressurized systerns diagrammed above estab- 
lish pressure temperature relationships at various systern 
points as plotted in the graph 


Gas Pressurized System 


Although the physical layout and size of individual 
installations varies, the basic components and usually the 
basic arrangement of the systems are similar. A typical 
diagrammatic arrangement of a gas pressurized system 
is shown in Fig. 1 with the graphs at the bottom indicat- 
ing the pressure-temperature relationship at various 
points in the system. Return water, /, is heated in the 
boiler and delivered to the system at supply temperature, 
‘.. The water gives up its heat to the system load which 
is usually divided in several zones and is returned to the 
suction of the circulating pump at ¢,. The circulating 
pumps are selected with sufficient head to overcome both 
the system and boiler resistances. Pressure higher than 
saturation pressure corresponding to the boiler outlet 
temperature is maintained in the system by means of gas 
pressure superimposed on the system at the expansion 
tank. The expansion tank floats on thé line. Water 
temperature at the boiler outlet is used as an index for 
combustion control. 


Steam Pressurized System 


rhe basic steam pressurized system is shown diagram 
matically in Fig. 2 with a similar graph to indicate pres- 
sure-temperature relationship throughout the system. 
Water at return temperature, /, is heated in the boiler 
and delivered to the expansion drum at supply tempera- 
ture, ¢; which is essentially equal to saturation tempera 
ture corresponding to operating pressure in the expansion 
drum. The circulating pumps taking suction from the 
drum circulate the hot water through the system. The 
water gives up its heat to the load and is returned to the 
boilers at temperature /,. The circulating pumps are 
selected for sufficient head to overcome both the system 
and boiler resistances. 

For each of these systems a bypass around the heating 
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STEAM PRESSURIZED SYSTEM 


STEAM CUSHION EXPANSION 


ORUM 





CIRCULATING 
PUMPS 








>< 
CONTROL 
VALVE 





CHECK VALVES 
* 








prentins— — - 


SAT. PRESS. ia t 


BOKER RUM PUMP SYSTEM 


Fig. 2—Basic steam pressurized system is depicted for con- 
trast with Fig. | and system relationships have been plotted 
for reference 


During initial start up it may be de 
For partial 


load is provided 
sirable to completely bypass the system. 
load operation, especially when several heating zones are 
not operative, it may be desirable to bypass a portion of 
the total water circulated through the boilers, in which 
case the temperature of the water entering the boilers 
would be between the normal return and supply tem 
peratures 

Although not shown in Fig. | and Fig. 
bypass the boilers is usually provided for low load opera 


2, a line to 


tion with only one of several boilers in use. 

A variation of this basic steam pressurized system is 
shown in Fig. 3. In this system two groups of pumps 
are used; one group to pump the water through the heat 
distribution system and the other to pump the water 
through the boiler and associated piping. This has 
been used because some consulting engineers feel it pro 
vides greater system flexibility or because some types of 
boilers which have been used have a high waterside pres 
sure drop. Boilers designed specifically for high tem 
perature water should have a low waterside pressure drop 
permitting use of standard single stage pumps which have 
sufficient head to overcome the resistance of the heat 
distribution system and the boilers. 

In this return water at temperature 
heated in the boiler and delivered to the expansion drum 
at the supply temperature which is essentially equal to 


system, t, is 


saturation temperature corresponding to the operation 
pressure in the drum. The system circulating pumps 
which take from the drum circulate the hot 
water through the system where it gives up its heat to 
the load and is returned to the boiler house where it 
mixes with water from the drum and enters the suction 
of the boiler circulating pump. The system pumps are 
selected for the head loss through the heating system 
only and the boiler circulating pumps are selected for the 
head loss through the boiler and associated piping. Pres 


suction 
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STEAM PRESSURIZED SYSTEM 


EXPANSION 
DRUM 


/ STEAM CUSHION > 
Be elt tan 





CIRCULATING 
PUMPS 


C-€ 1A MONT 
CONTROLLED 
| CIRCULATION 
HOT WATER 


CIRCULATION 
HOT Water 

rr BONER BOKER 
t CHECK VALVES 
* 











BOWER y 
CIRCULATING PUMPS 





SAT. PRESS (a) t, 


BOILER DRUM SYSTEM SYSTEM BOKER 


PumP PUMP 
Fig. 3—Variation of basic steam pressurized system employs 
two pumps, one for the heat distribution system and a 
second for the boiler cycle 


High Temperature Water Heating 


Fig. 4—Sectional view of a boiler designed for oil or gas firing. 
Air cooled furnace floor provides for alternate arrangement 
with a stoker 
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sure in the system is maintained by means of a steam 
Chis pressure is used as 
The temperature of the 
water entering the boilers, indicated as ¢,; on the tem 
perature graph may vary between the supply and return 
temperature of the system, depending upon the relative 
flows through the heating system and boilers. 


cushion in the expansion drum. 
an index for combustion control. 


Hligh Temperature Water vs. Steam 


rhe decision to use high temperature water or steam 
for heating or process work will depend upon the size, 
irrangement and type of load. 

\ steam heating system requires greater net plant 
output because of the losses associated with the change 
of phase of the heating medium, i.e., steam to conden 
[hese losses which are primarily trap and vent 
losses or flash off from condensate can account for 10-25 
per cent of the net plant output. Since high tempera 
ture water exists as a liquid throughout the system, these 
losses do not occur and as a result the required capacity 
of hot water boilers is less than steam boilers for a given 


Sate 


system output. 

Maintenance costs for high temperature water systems 
are less because of the elimination of high maintenance 
items such as steam traps, pressure reducing valves, con 
densate equipment. 

Since makeup for a high temperature water system is 
negligible, blowoff is unnecessary with normal operation. 
Makeup equipment can be very simple and inexpensive, 
usually consisting of a small water softener, a_pair of 
makeup pumps and provision for intermittent addition of 
chemicals to the heating system 

Generally high temperature water distributing lines, 
both supply and return, are of the same diameter, being 
smaller than the steam distributing mains and larger 
than the condensate return lines. Piping cost of the 
two systems will depend on the actual distribution sys 
tem, with high temperature water piping costs becoming 
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Fig. 5, left, 6, above—a 12,000,000 Btu per hr boiler 


relatively less with larger systems or longer distribution 
lines. Underground high temperature water lines can 
follow ground contours, thus simplifying piping design. 

Plant engineers are familiar with the problem of corro 
In the 
closed high temperature water system oxygen is elim 
inated on initial operation and therefore this problem 
of pipe corrosion and replacement does not exist. 


sion in the condensate lines of a steam system 


For heat consumers such as unit heaters, radiant panels 
and coils of absorption refrigeration equipment, high 
temperature water may be used directly. As with 
steam, it is used indirectly for domestic hot water. Low 
pressure steam or low pressure hot water, if required, 
may be produced in suitable exchangers. 

A high temperature water system has substantially 
greater heat storage capacity than a steam system. As 
a result, fluctuating loads in the system tend to be damped 
out so that they do not directly or immediately affect 
boiler loads. The boilers therefore operate at a more 
constant rate which improves their operating efficiency 
and the efficiency of the heating system as well. 

Because of the heat storage capacity the heating sys- 
tem acts as an accumulator, permitting extremely close 
control of temperature and the ability to readily meet 
infrequent’ peak loads. Close control of temperature is 
often of considerable importance in process equipment, 
resulting in improved product quality or increased pro 
duction. The ability to meet infrequent peak loads 
may allow the installed capacity of the heating system 
to be reduced. 

Generally the installed cost of a steam system will be 
less in smaller capacities with high temperature water 
systems showing up better in the larger capacities. As 
high temperature water installations increase and addi 


tional experience is gained, some initial complications fre- 
quently identified with any new development will be 


eliminated, thereby reducing first costs. Furthermore, 
since the boilers are the largest single item of equipment 
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Fig. 9—Shop-assembled 30,000,000 Btu per hr unit on flat car 


cost in the Boiler House, standardization of hot water 
boilers to the same degree that small steam boilers are 
presently standardized should tend to reduce any cost 
differentials in the smaller capacity plants. 


Cuntrolled Circulation Hot Water Boilers 


In some initial or smaller high temperature water in 
stallations steam boilers have been used to heat water. 
Usually an attempt is made by internal baffling to dis- 
tribute water flow within a boiler and by external con 
Ob 
viously such applications are a compromise since boilers 


necting pipes to balance conditions between boilers. 


are available which are 


pressure hot water service. 


designed specifically for high 


The circulating pumps provide positive circulation 
throughout the heating system. The use of controlled 
circulation boilers extends this desirable feature to each 
tube of the boiler unit. This is accomplished by orifices 
located at the entrance of each tube circuit. Water is 
distributed to each circuit in accordance with the heat 
absorbing capacity of the circuit. Screens are installed 
to protect each orifice. Although holes in the screen are 
of smaller diameter than the orifice the total open area 
is considerably greater. This positive arrangement not 
only meters the water to each tube circuit but also as 
sures proper distribution within a boiler and, with boilers 


operating in parallel, assures equal flow distribution be 


tween boilers. 
With accurate control of water flow there is consider 
able design flexibility. Water velocities are maintained to 
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Fig. 8—The intermediate group of hot water boilers com- 
pared to those of small capacity such as Fig. 5-7 employ 
the same circuit designs and have the same construction 
features. The unit above, a 30,000,000 Btu per hr installa- 
tion for stoker firing, is provided with lugs for lifting and 


.« turning the boiler which is shipped on its back, Fig. 9 


provide maximum cooling of tube circuits and to avoid 
deposition of any undissolved solids with minimum pres 
sure loss. Even with large units the total boiler pres 
sure loss does not exceed 10 psi. 

As shown in Fig. 4, the water heating circuits of the 
boiler are designed for continuous, upward, once-through 
flow from the inlet headers at the bottom to the outlet 
header at the top. Vapor binding will not occur under 
any operating condition since all tube circuits are vented 
to the outlet header. All circuits are drainable. Headers 
are accessible from the outside of the boiler casing. 

There are no baffles in the Parallel flow of 
gas and water assures moderate tube metal temperatures 


boiler. 


in zones of low gas temperature, minimizing the possi 
bility of corrosion resulting from high sulfur fuels 

he symmetrical arrangement of the heating surfaces 
permits a simple, rugged, gas tight casing construction. 
Casings are made up of relatively large rectangular plates 
welded to a frame of standard structural angle or channel 
shapes. The resulting box beam structure encloses and 
supports refractory and insulation and pressure parts 
Tube circuits are attached to casing structurals with 
This type 
of casing construction is suitable for pressure firing and 


adequate provision for differential expansion. 


provides the extremely rigid structure which is necessary 
for handling, shipping and installing partially or com 
pletely assembled boilers. 

Extensive use of water cooled surface not only mini 
mizes furnace maintenance but also assures cool casings 
and low radiation losses. The gas temperature leaving a 
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Fig. 10—Unit in Fig. 8 appears as shown in an actual in- 
stallation. Note equipment for stoker firing 


furnace is a function of the amount of radiant absorbing 
surface in the furnace, not the volume. Therefore ex 
tensive use of water cooled surface, as shown in Fig. 4 
and other figures as well, allows a very compact furnace 
with moderate furnace temperatures. In specifying or 
requesting performance conditions, the furnace release 


or absorption rate in Btu per square foot of eprs (effec- 
tive projected radiant surface) is the important criteria in 
judging furnace conditions, not the release rate per cubic 
foot of furnace volume. 

In the event the water flow through a boiler drops 
below a predetermined safe value, protection of tube cir- 


cuits is assured by a safety device which shuts off the 
supply of fuel and combustion air. With 
liquid fuel the fire is extinguished immediately but with 
stoker firing there remains some residual heat in the fuel 
bed. It is therefore important to use a stoker that op 
erates with a very thin fuel bed, such as a spreader stoker. 
With spreader stoker firing, either stationary dump 
grates or an alternate arrangement of moving grates are 
used for capacities up to 50 million Btu/hr and traveling 
grates for larger sizes. To obtain a wide operating 
range and maintain good combustion conditions at the 


gaseous or 


low end of the range the stokers are selected for grate 
heat release rates at the design condition of 500,000 
Btu hr-sq ft for dumping grates and 650,000 Btu/hr-sq 
ft for traveling grates. 

Similarly the low end of the operating range should be 
considered in selecting forced and induced draft fans. 
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Fans should be adequate for the design condition but the 
addition of substantial tolerances may result in a fan 
that is too large for good control of flows at minimum 
rates. This is especially important in heating. 


Standard Designs 


Standard boilers to meet usual requirements are avail 
able. In the small sizes they are completely shop as 
sembled and in the large sizes shipped as component as 
The use of standardized equipment has many 
advantages. Manufacturer’s engineering and fabrica 
tion time and costs are reduced, resulting in lower prices 
and shorter delivery. The use of standard and proven 
design and construction details results in lower operat 
Partial or complete shop 
assembly reduces field erection costs. 


semblies. 


ing and maintenance costs. 


In setting up standard designs it is necessary to con 
sider the For normal heating ap- 
plications most of the significant variables except capac 
ity fall within a limited range. Capacities of individual 
boilers have varied from below 10 million Btu/hr to 
above 100 million Btu/hr. Large units in the 200—300 
million Btu hr range are entirely feasible but at this time 
have not been considered as part of the standard range. 

Based on an analysis of inquiries for hot water boilers, 


variables involved. 


design considerations and shipping clearances, three size 
groups were selected: a small group covering units in the 
capacity range of S-25 million Btu/hr, an intermediate 
group covering the range of 25-50 million Btu/hr, and a 
large group covering a range of 50-120 million Btu/hr. 
These nominal capacities are for oil or gas fired units. 
For stoker firing the boilers in these groups are essen- 
tially the same except that the furnace is generally higher 
The furnace of a stoker fired boiler is arranged for suffi- 
cient grate area and for adequate distance for flame 
travel to the relatively cold convection surface. This re- 
sults in a furnace considerably larger than one designed 
for oil or gas. To prevent slagging, ample water cooled 
surface is provided in the furnace to reduce the gas tem 
perature below the softening temperature of the ash. 
Figs. 5 through 7 show a 12 million Btu hr oil fired unit 
in two stages of erection and in final transit. This 
is typical of standard boilers in the small capacity group. 
Fig. 5 shows the tube circuits which have been rolled 
into the inlet and outlet headers, installed in the sup- 
porting casing frame. The refractory floor is installed 
prior to erecting the pressure parts. Fig. 6 shows the 
same unit with sidewall refractory and insulation in 
place. Side casing panels in three sections will subse- 
quently be attached to the steel framework by seam 
welding at the edges and plug welding intermediately. 
Lugs for lifting the boilers are provided. Shipment is in 
an upright position. Fig. 7 shows the unit being loaded 
on the trailer truck. This is a completely assembled 
unit with all refractory and insulation in place, and in 
this case, with the package burner as part of the as- 
sembly. Soot blowers are installed and piped up. Only 
items of trim such as valves, which might be damaged in 
shipment, are omitted from the assembled package. 
Figs. S and 9 are a stoker fired unit for 30 million 
Btu/hr. This is typical of boilers in the intermediate 
capacity group. It will be noted from Figs. 8 and 9 
that although the physical size is considerably greater 
the construction details are the same as for the smaller 
units. For stoker firing the water cooled floor is omitted, 
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the tube circuits being fed from the inlet header at the 
rear. Although the front casing is installed, the refrac 
tory of the front wall and the burning equipment is 
omitted for shipment. The refractory front wall: is 
subsequently installed in the field from inside the fur 
nace. All other refractory and insulating materials are 
installed behind the water cooled walls prior to shipment. 
Lugs are provided to lift and turn the boiler which is 
shipped on its back, as shown in Fig. 9. These lugs 
are also used for securing the boiler to the flat car. Sup 
ports are designed so that refractory and the pressure 
parts will be adequately supported when the unit is in a 
vertical and horizontal position. The openings at the 
gas outlet, floor and part of the front wall are closed with 
light gage steel plates to protect the unit during shipment. 

A sectional elevation of the boiler arranged in the 
boiler house is shown in Fig. 10. Air from the forced 
draft fan at the upper level passes through the vertical 
tubular air heater and thence by ducts to either the 
stoker or oil burners. Flue gas leaving the boiler passes 
through the gas side of the air heater through a dust col- 
lector and then to the Thermix stack. Although an air 
heater usually cannot be justified for heating applications 
it was used in this case to improve combustion of the 
specified lignite fuel 

The boiler shown in Fig. 4 is typical of higher capacity 
The arrangement is generally similar to the lower 
Chis particular unit is suitable for pos- 
For initial opera 


units. 
capacity units 
sible future installation of a stoker. 
tion with oil a refractory floor is cooled by combustion air. 

Boilers in this capacity range are shipped in com 
ponent assemblies, the convection bank, the side walls in 
one or two pieces, and the rear wall. Pressure parts are 
attached to the structural members and in the case of 
the rear wall and convection bank components, the ter 
minal tube ends are rolled into the headers. The cas 
ing plates are tack welded to structural members form 
ing a rigid shipping frame. After erection of these as 
semblies in the field 
installation of the insulation and refractory. 

Although standard boilers are suitable for many in 
stallations they obviously are not universally applicable. 
The inherent design flexibility of the controlled circula 
tion boiler allows the use of standard components and 
details even though the physical size of arrangements is 
This 


the casing plates are removed for 


markedly changed to meet specific requirements. 


Fig. 13—Arrangement of 70,000,000 Btu per hour 
pulverized coal fired hot water boilers. 


Fig. 11—Above view is of a 70,000,000 Btu per hr pulverized 
coal fired hot water boiler 


characteristic is illustrated by Fig. 11 which shows one of 
three pulverized coal fired hot water boilers installed 1n 
a Canadian Army Camp. The furnace size and shape 
including the hopper bottom are designed specifically 
for the efficient combustion of high ash, high sulphur, 
Minto bituminous coal, yet the basic arrangement of the 
furnace water cooling, convection heating surface and 
casing structure are retained. 


Conclusions 


The decision to use high temperature water or steam 
for heating or process work depends on system require 
ments. For large heating system and certain process 
applications, high temperature water frequently has ad- 
vantages over steam. 

Boilers are available which are designed specifically 
for high temperature water service. These boilers have 
been standardized over a wide capacity range to reduce 
first costs. Operating cost and maintenance expense 
are also reduced by proven design and construction fea 
tures of these standard controlled circulation boilers. 


First Welded Tube Condenser Being Installed at the 
Dayton Power & Light Co. 


The operator on the cover photo is automatically weld- 
ing one of the 11,500 tubes in a new 90,000 sq ft Allis 
Chalmers condenser installed at the Frank M. Tait plant 
of the Dayton Power & Light Company. This is the first 
large condenser to use welded tubes. The condenser will 
serve Unit 4, a 125,000 kw turbine generator fed from a 
once-through boiler steam cycle. 

Once-through boilers and supercritical steam cycles and 
nuclear power plants will demand more positive means of 
sealing tubes and sheets to insure against the possibility 
of condensate contamination 

Intensive research at Allis-Chalmers has been carried 
on over the last years to determine the com 
patibility of different tube and tube-sheet materials and 


St veral 
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to perfect the design of a completely automatic welding 
gun. The results of this research are practical and permit 
economical welding of a wide variety of tubes and sheets. 

The welding operation has been simplified to the point 
where the operator needs only position the gun and press 
the trigger—the actual welding then is automatically 
timed and complete uniformity is achieved. The tube 
sheets are specially prepared where welding is to be used 

As the need for more positive sealing of tubes and sheets 
becomes increasingly important, it is expected that weld 
ing will supplant rolling in many condenser applications. 

At present Allis-Chalmers has eight large condensers 
on order that call for welded tubes — including a duplicate 
90,000 sq-ft condenser for the Dayton Power & Light Co 
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Here’s what makes 
Walworth Bronze Valves 


fre real b 


argain! 


TYPICAL OF WALWORTH QUALITY is the union body-to- 
bonnet connection which stiffens the body against 
internal pressure; makes taking the valve apart a 
simple operation and reduces the chances of 

distortion or leakage even though the valve is repeatedly 
taken apart and reassembled. With this type of 
construction there is no possibility of the bonnet 
coming off the valve while the handwheel is being turned. 


HEAVY BODY CONSTRUCTION is typical of all Walworth 
Bronze Valves. Extra-thick walls and rugged 

wrench hexes constitute a high safety factor and 
prevent distortion while the valve is being installed 

in the pipeline. Extra-deep pipe threads are accurately 
machined to eliminate leakage. Walworth Bronze 
Valves are also available with flanged, silver-brazed 

or soldered ends in certain sizes and types. 


EXTRA-LARGE STEMS with extra-long, extra-deep threads 
prolong valve life, protect against wear and distortion 
and provide tight positive shutoff. The surface of the 
stem is machined to a glass-like finish for minimum 
handwheel effort and to preserve the packing 

which results in fewer inspections and less maintenance. 
The top of the stem is tapered and squared to hold 

the handwheel securely. 


TO REDUCE WIRE DRAWING to a minimum, certain types 
of bronze globe valves have stainless-steel plug-type 
seats and discs heat-treated to a nominal hardness of 
500 Brinell, adding years to valve life even in 

severe services. These valves can be tightly closed on 
sand, grit or pipe scale without damage. Seats 

and discs are machined simultaneously, assuring 
perfect mating. 


There is a Walworth Bronze Gate, Globe, Angle or Check Valve for 
every service. Walworth is continually developing new valve 
types and materials, including plastics, to keep pace with the 
growing variety and severity of services in modern industry. 

For full information, see your Walworth Distributor or write: 
Walworth, 60 East 42nd Street, New York 17, N.Y. 


VW/A L.VI/ O F?'T Fi 


Bronze Valves and Fittings 
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By C. E. BEAVER* 


Research-Cottrell, Inc. 


Automation—The Key To More 
Efficient Dust Collection 


CONOMICAL industrial processing and good com 
munity relations demand that gas cleaning systems 
operate at their optimum levels of collection effi- 

ciency. Manufacturers and users of dust collectors have 
cooperated in improving both operating techniques and 
equipment design to achieve these twin goals. Inves 
tigation and operating experience identified the major 
key to obtaining maximum round-the-clock collection 
efficiency in any particular installation as the constant 
maintenance of a proper balance between load character 
istics and power input to the precipitator. This fact 
has been known for quite awhile. Attaining this de 
sirable condition, however, was not possible until the 
application of continuously acting electronic feedback 
circuitry to monitor precipitator operation. 


Establishing Proper Balance 


A characteristic of electrostatic precipitators is that 
collection efficiency is critically dependent upon main 
taining across the electrodes the maximum voltage and 
current necessary to sustain the optimum sparking rate. 
The optimum rate of sparking is considered as the rate 
which accompanies maximum collection efficiency in 
most precipitators. While the sparking in itself lowers 
efficiency, the high voltage and current at which opti 
mum sparking occurs more than offsets loss from the 
sparking, with the net gain in efficiency. If we lower 
voltage and current below the pomt of optimum spark- 
ing, there is a net loss in efficiency. If we raise voltage 
and current above this point, the resultant increased 
sparking would cause a net loss 1n efficiency. 

The sparking rate thus serves as an index showing 
whether voltage and current are too high or low. For 
most precipitators, the optimum sparking rate lies between 
50 and 100 sparks per minute. This relationship is 11 
lustrated by Figs. 1 and 2, which show the connection 
between efficiency and sparking rate for one section of 
a precipitator, and sparking rate and peak voltage in 
typical fly ash precipitators. 

Unfortunately this seemingly simple relationship is 


complicated by several factors. Precipitator conditions, 


* Vice President 
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such as temperature, flow rate, composition, and hu 
midity of the gas being treated, and size and resistivity 
of the particles being removed, change constantly from 
one moment of operation to the next. And these condi 
tions determine the optimum voltage current, 
the so-called ‘ideal electrical power,’ necessary to main 
tain the desired sparking rate. 

Fig. 3 shows this relationship graphically by plotting 
“ideal electrical power’ against time and showing how 
this optimum power input varies from one minute to the 


and 


next. 


Nee d ior 


| utomation 


rherefore, in order for a precipitator to operate con 
tinuously at maximum round-the-clock collecting eth 
ciency, it is necessary to have an expert hand at the 
controls constantly, correctirig power input whenever 
necessary to maintain the desired sparking rate for the 

















installation. A newly developed electronic feedback 

control, the Cottrell Automation System, provides 
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Fig. 1—Percent efficiency as a function of average sparking 
rate for a typical fly ash precipitator appears above 
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PEAK VOLTAGE - KV 


Fig. 2—Variation in sparking rate with operating peak 
voltage for a representative fly ash precipitator gives a curve 


like this 


the required continuously monitoring hand, eliminating 
the need for manual supervision. 

Without the CA System, adjustment of each electrical 
set in a precipitator installation must be made manually 
by an operator at a control panel. This requires for 
maximum collection efficiency and economy the super- 
vision of an expert, experienced operator controlling 
numerous knobs, meters, and panels. In some installa 
tions, for instance, as many as twelve or more electrical 
sets may have to be manually adjusted and interrelated 
Yet, even with this type 
manual supervision, Research-Cottrell 
has discovered that it is virtually impossible for an 
operator to detect changes and make the required manual 
adjustments fast enough to keep pace with changing 
conditions in the precipitator. 

Most plant operators recognize this fact and accom 


24 hours a day by operators. 
of continuous 


modate for it by adopting a sort of compromise opera- 
tion. When with changing conditions in the 
precipitator and in the gas being cleaned, which occur 
in most normal installations, operators will set their 
manual controls at a moderate power input level, 
considerably lower than the one required or anticipated 
for maximum round-the-clock collection efficiency, and 
also lower than the power level for which the electrical 
sets were designed. This compromise power level ob- 
viates the need for continuous supervision and prevents 
over-current tripouts that might result if the power input 
were set at the higher level required at the time of 
adjustment. Fig. 4 demonstrates this type of operation 


faced 
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Fig. 3—Conditions such as temperature, humidity, flow rate 
affect ideal electric power at a given moment. Above curve 
shows a typical operating curve 
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Fig. 4—Operating men in attempting to arbitrarily balance 
off conditions referred to in Fig. 3 will hedge on adjustments 
so manual tends to fal] short of ideal as shown here 


at moderate power input levels by a part-time operator 
by showing the difference between “ideal electrical 
power” and the actual manually controlled power input. 


Performance Checks on Automation 


Field tests have demonstrated that with the CA Sys 
tem, which constantly monitors and adjusts power input 
in accordance with the conditions existing in the pre 
cipitator at each moment of operation, power input more 


closely approximates this “ideal electrical power’ 
that goes hand in hand with maximum round 
the-clock collection efficiency. The system thus en- 


ables higher utilization of the electrical equipment ca 
pacity. Also, rectifier power conversion efficiency at 
full load is approximately SO per cent as against 40- to- 
50-per cent for conventional sets. 

Fig. 6 compares actual metering charts of current and 
voltage inputs to a precipitator section of a fly ash col 
lector. These charts show that power input increases 
about 65 per cent with the CA System, from 5.6 kw 
with manual control to 9.3 kw with automation control. 

The CA System controls precipitator power input 
for the three most common operating conditions. These 
are conditions in the precipitator under which the cur- 
rent may be limited, the voltage may be limited, or the 
sparking rate may be limited. There are a number of 
operating factors that contribute to the existence of 
any of these conditions. 

For example, in the case where there is low precipitator 
impedance, input is characterized by high current, low 


August 1957—-C OMBUSTION 








PRI SATURABLE HV 









































RES REACTOR TRANS. yi, RECT 
LINE “| ~ 
INPUT 
CURRENT #| THYRATRON ELEC 
CONTROL PPTR 
\ es - 
CURRENT MASTER SPARK RATE 
SIGNAL GEN | COMPARATOR SIGNAL GEN 
VOLTAGE 
LEVEL 
CONTROL 











Fig. 5—Block diagram for CA system developed by Research- 
Cottrell pictures major elements involved 


voltage, and little or no sparking. In such a case maxi- 
mum current should be provided within the rated ca- 
pacity of the electrical equipment. On the other hand, 
precipitator impedance may be very high, shown by 
low current, high voltage and, again, little or no sparking. 
In this case the maximum voltage should be provided 
within the capacity of the electrical equipment. Finally, 
precipitator operation may be characterized by sparking 
taking place well below the current and voltage limits 
employed in the first two examples. In this case, opti- 
mum performance is maintained by establishing a rea- 
sonably constant sparking rate, about 100 sparks per 
minute. 

The basic operation of the CA System is shown in the 
block diagram of Fig. 5. The two feedback loops, shown 
by the arrows, operate either independently or cooper- 
atively, as the situation warrants. One loop monitors 
current and the other sparking rate. The current 
control is extremely sensitive and permits full rated rec- 
tifier operation with complete stability. Sparking rates 
are easily preset. in accordance with experimental ob- 
servations with the particular installation, to any value 
between 0 and 500 sparks per minute. 

A single control switch actuates the starting circuits 
of all the rectifier sets for the precipitator installation. 
The automation system for each set then automatically 
adjusts and maintains power input to the precipitator 
at the point of best performance. An a-c current is fed 
into the saturable reactor that serves as the control 
element. This static control element varies input to the 
high voltage rectifier by functioning as a variable series 
impedance through adjustment of a d-c current flow in 
its core control winding. This d-c control current is 
supplied by the thyratron driver, whose output, in turn, 
is controlled by the current and sparking rate servo 
loops and the voltage level control. 


A spark signal, taken from the high voltage trans- 
former primary, is converted to a low level d-c signal. 
This signal is proportional to the average sparking rate 
in the precipitator. It is used to produce an error signal 
by comparing it with a preset reference voltage indica 
tive of the ideal sparking rate. 

The current signal consists of a second low level d-c 
signal proportional to the average current flowing in 
the high voltage transformer primary circuit. This sig- 
nal, obtained from a low-ohmage resistor placed in the 
primary circuit, is compared with another preset refer 
ence voltage to produce an error signal. 

The voltage level control, shown in the block diagram, 
provides an upward bias to raise the rectifier transformer 
voltage to its rated value. The three references are 
added together in the master comparator, which acts 
as a mixer to provide an output signal that is applied to 
the grid driver. The grid driver provides the phase- 
shifted trigger pulse to fire the thyratron. The angle 
of the phase shift, which depends on the amount of 
total error signal supplied, determines the d-c current 
supplied to the control winding of the saturable reactor. 

The electronic circuits in the CA System provide 
dynamic control with fast transient response and high 
reliability. Each electrical set has its own individual 
automation assembly and is thus maintained separately 
at its own optimum level of operation as a component 
of the gas cleaning system. The only moving parts in 
the entire control system are the relays that function on 
startup and shutdown. The units, being compact and 
self-contained, can be installed directly on or near the 
precipitator, saving floor space and high voltage cable. 
Figure 7 shows a control unit. 
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Fig. 6—Performance comparison of automation versus 
manual control indicates advantages of automation 





Westinghouse and Carolinas-Virginia Utility Group to Start Atomic Plant Study 


[ Westinghouse Electric Corporation and the Carolinas- 
Virginia Nuclear Power Associates, Inc., a group of four 
southern utilities, plan to develop an atomic power plant 
for the generation of electricity. 

The project will begin with an intensive cooperative 
study and evaluation of various types of reactors to de- 
termine the type best suited to the overall requirements 
of the Carolinas-Virgina group. 
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Both Westinghouse and the southern utility group will 
assign engineers to undertake the study, which will take 
at least three months, and probably longer, to complete. 

The four utilities that comprise Carolinas-Virginia 
Nuclear Power Associates, Inc., are Duke Power 
Company, South Carolina Electric & Gas Company, Vir 
ginia Electric & Power Company, and Carolina Power & 
Light Company. 
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Beginning another 50 years of cost-free valve service 


This remarkable case history proves how 
the right valve can save money in repairs 
and maintenance—again and again. 
This Crane 10-inch stop-check valve 
has been in use since 1906 at Seattle 
Cedar Lumber Mfg. Co., Seattle, Wash. 
Operating at 360° F. and 150 psi., the 
valve is closed every third or fourth night 
when one of 3 boilers is shut down. The 
valve is also closed every 3 weeks when 
the boiler is down for inspection and 


cleaning. About a year ago, this Crane 
No. 28E Ferrosteel valve was opened for 
inspection, cleaned up, and put back into 
service. Repair parts needed? None. 

In short, all 50 years have done to this 
Crane valve is emphasize how rugged 
and dependable it has proved, and how 
important it is to use quality valves on 
every service. For complete information 
on any valve problem, contact your 
Crane Representative. 


YOU'LL FIND GOOD tips on 
valves in “Valve Performance 
Facts''—32 case histories 
throughout industry. Ask your 
Crane Man for a copy or 
write to address below. 


CRAN E VALVES & FITTINGS 


PIPE #* PLUMBING e 


KITCHENS @ 


HEATING e 


AIR CONDITIONING 


Since 1855—Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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ig-1. Block diagram of electro-hydraulic Servocontrolled ‘any- 
speed drive. For draft, pump, stoker, etc. firing control. 
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Fig. 2. Block diagram of off-on modulated Servomechanism-reversing drive. 
Fig 2a Basic circuit diagram 


In Combustion Control 


By JOHN S. TYNDALL 
Elec. Eng. 


To meet the demands of today’s processes, 
boiler controls have become more com- 
plex. But by carefully planning your own 


requirements, the author believes, you 


can develop a control and power system 
that will do the job economically and ef- 


ficiently—and with less manpower. 


S present-day boilers grow larger and more com 
plex, their control systems must follow closely 


in the same path. Many this 
ire often awed by the maze of components 


designers of 
equipment 
required to control the modern steam generator effi 
ciently. Yet 
of their several and individual functions, the operations 
fall neatly into place 

Objectives in applying instrumentation and automatic 
(1) to improve fuel econ 


if we view these various systems in terms 


control to the power plant are 
omy (2) to keep overall costs at a minimum (3) to insure 
safe and reliable operations and, (4) to utilize operating 
personnel efficiently 


Field for Servomechanism 


In the field of servomechanisms as they are being ap 
plied more abundantly to the steam plant, the following 
are of prime interest to engineers. 


AUTOMATIC CONTROLS 


Combustion, Feedwater, Feed Pumps. 


RECORDERS 

Steam Flow, Steam Flow-Air Flow, Steam and Water 
Temperature, Flue Gas and Air Temperature, Drum 
Level, Feedwater Flow, Steam and Water Pressure, 
Oxygen Analysis, Smoke Density, Conductivity and pH. 
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INDICATORS 


Steam and Water Pressures, Fuel Pressures, Air Pres 


sures and Drafts. 


OPERATING FUNCTIONS 


To maintain: Steam Pressure, Combustion  Eff.- 
Furnace Pressure, Drum Level, Feed Supply, Feedwater 


Pressure. 


MISCELLANEOUS SUPPLEMENTARY DATA 


Oil Temperatures, Speed Indicators or Ammeters 


for Fans, Pumps, Feeders. 
A pplication Problems 


In checking over this list of automatic controls that 
should be applied to combustion control in the form 
find that there are 
special problems that require special treatment. But 
those listed above can be economically justified, m the 


of servo circuits and systems, we 


author's opinion, for practically every application above 
50,000 Ib of steam per hr. 

For all practical purposes, the 
drives for the major equipments such as pumps, fans, 
A precision speed 


selection of power- 
and stokers will be considered first. 
control from zero to maximum rpm and positive follow-up 
position control from a remote command unit is avail 
able to the industry for modest cost. 

Two speed dials (see Fig. 1) and a selector switch on 
the Command unit provides for two speed selection func 
(1) Dials may be set for two different speeds 
a flip of the toggle 


tions 
in one direction and selected by 
switch. (2) Dials may be arranged for ‘‘any speed 
in one direction and another speed in the opposite direc 
tion. Reversal is instantaneously from the 
control unit. Further the dials may be manually ad 


justed, resulting in stepless speed variations in either 


available 


direction. 
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In position control operation instantaneous position 
control is 
switch in the Command unit 
can be selected at will with the dial from an infinite range 
An electric signal from the Command 
which is provided 


ivailable by merely flipping another toggle 
Precise stopping positions 


of 360 degrees 
unit is transmitted to the amplifier 
with to allow independent control 
of two separate input signals. The signal to the amphi 
fier is transmitted to the hydraulic servo valve which 
controls the flow of fluid from the transmis 
The control piston positions the 


gain adjustments 


accurately 
sion control cylinder 
slide block in the transmission to provide the desired 
volume and direction of fluid flow to the output drive 
unit 

Che transmission is equipped with a linear variable 
differential 
signal proportional to slide block movement 
block ‘command voltage,” 
the servo The 
the servo valve spool permits fluid to flow to or from the 
Any error 
between the original signal from the command unit to 
transducer unit, will 


electrical 
If slide 


transformer which produces an 


voltage is not identical to 


valve spool is actuated movement of 


control cylinder to position the slide block. 
from the 


the amplifier unit, and 





MOTOR- TACHOMETER PERFORMANCE 
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Fig. 5¢ — Typical performance chart of servo unit 
illustrated in Figs.5a and Sb. Motor - 
Tachometer combinations are also furnished with high 
impedance control windings for y ply directly from 
the plates of vacuum tubes. A-C or D-C operation. 
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Fig. 5b —Connection diagram of Low Inertia Servo-motor with integ- 
rally-mounted A.C. Tachometer Generator. A.C. Servos are 
primarily Gosigned for “2 g° operation. One phase is excited with an in- 
put potential, fixed—the other by a voltage varying in magnitude and 
direction of the motor output. Of two windings in the tachometer sta- 
to, one is excited with rated voltage, the other generates an output 
potential proportional to output speed. it is a sensitive feedback unit 


result in repositioning of the slide block. Output speed 
will remain from 0.1 to 1.5 per 
cent can be expected. 

The output shaft obeys the initial signal from the 
command located on the combustion 
control board) with a high degree of accuracy. The 
output shaft is directly connected to the Synchro. A 
feedback signal (similar to the ‘velocity feedback signal 
generator of Fig. 2a), is fed to the command unit and 
compared to the original signal. Any error will signal 
the servo valve and the output-shaft speed or position 
will be corrected accordingly. This circuit is in op- 
eration only when the drive circuit is energized. This 
servo power drive has been successfully introduced in 


constant; accuracies 


unit (usually 


industry for application on numerous machine drives 
and operations and is now being developed to serve 
those peculiar drives in the power plant combustion 


pre cesses. 


Modulated Reversing Clutch Servo Systems 


As cost and reliability are critical factors in combustion 
control development, it is suggested here that simpler, 
more sturdy non-linear electromagnetic servo controls 
should be considered. They can approximate closely 
the performance of a proportional type of control by 
the use of velocity feedback and power gains of up to 50 
times in the servo magnetic clutch with direct operation 
from the primary (or signal-sensing) control element. 

The application of servomechanisms to combustion 
control is largely the result of the last 10 years of super- 
Ten years ago many steam plants 
In this period, each year has 


visory development. 
had no servo systems. 
seen an approximate doubling of the planned use of 
such controls. Today a major portion of the total super- 
visory cost is invested in servomechanisms of one type 
or another. The industry is progressing toward an 
immediate planned future where the engineer will exer- 
cise only a monitoring function over the servomech- 
anisms which will take over combustion control. 

The early electric and hydraulic servomechanism 
was required to be supplemented by manually operated 
mechanical controls. It is doubtful if today’s servo 
mechanisms, with their increased complication, have 
any greater net reliability. Yet, in many the 
requirement for parallel auxiliary mechanical control 
has been eliminated. While this elimination sometimes 
has been unavoidable due to the complicated functions 
required of present controls, it usually cannot be justified 


cases, 
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Fig. 6. Proportional position controller, using electric 
components, has advantage of permitting remote 

operation of valve from fioat. Removal of link between 

valve and wiper provides single speed floating action. 











on the basis of improved reliability of present servo 
Unfortunately, as the complexity of a control 
increases a will be reached where a 
mechanical control is no longer the most reliable. A 


controls. 
problem point 
further increase in requirements can make direct me 
chanical controls impractical, as, for example, the control 
of modern recorder and indicating systems 

The rapid expansion of servomechanism application 
has caused plant operation and financial problems of a 
critical nature. 
being limited by the rapid rise in cost of combustion 
No small part of this rise in cost is due to 


The size and effectiveness of plants is 


equipment. 
the high cost of complicated electronic servo devices. 
\lso, the general 
to progress at a rate commensurate with the increased 
responsibilities now being given supervisory servo con- 


failure of electric servo reliability 


trol is one of the principal causes of an alarming number 
of apparatus casualties, man-hours required for mainte- 
nance and operation, and equipment nonoperative hours 
in a typical plant. But things are improving rapidly. 
Attention should be drawn to an improved type of 
nonlinear or ‘on-off’ Development 
of the on-off servomechanism has been bypassed to a 


servomechanism. 


large extent because of the complexity of nonlinear 
mathematical analysis. Electric contact and mechani- 
cal problems have also discouraged this control approach 
in the past. 

Experience with on-off servos, however, has demon- 
strated that relay and magnetic clutch problems can be 
solved if they are seriously approached. The resulting 
device has the possibilities of being less complicated, 
more rugged and reliable, and of having better accel- 
than proportioned controls of 
similar application in the plant. 

The off-on servo is distinguished from conventional 
servos of this type in that it incorporates velocity feed- 
back and high-speed servo reversing clutches. Servo 


eration characteristics 


power is obtained from a driving motor operated con- 
tinuously in one direction. The function is 
performed by direction-of-rotation-reversing magnetic 
clutches. 

The combined use of velocity feedback and high-speed 
reversing clutches in an on-off servo elevates its perform- 
ance to that compared with proportional servos while 


servo 
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Fig.7. Proportional speed floating action controller 
has great advantage of no offset control. This 
is extremely important in control of furnace draft, etc 











still retaining the basic simplicity of the on-off control 
principle. For example, single-stage control accuracies 
of 0.1 per cent of total travel can be obtained. This 
accuracy results because the low time constants in the 
servo system as a whole provide single-step travels as 
small as 0.05 per cent of total travel. 

A further advantage of an off-on 
is that acceleration performance may be obtained from 


modulated servo 
an all-electric servo which presently can be obtained 
only from combined electrohydraulic or electropneu 
matic As an example, electric-actuator ac 
celerations of 50,000 to 100,000 


per second can be obtained. By comparison 


systems. 
radians per second 
conven- 
tional hydraulic actuators have accelerations of about 
20,000 radians per second per second. 


Off-On Modulated Reversing Clutch Servo 


In the functional block diagram, Fig. 2, the “‘signal 
source’ for the subject servo may be any of the common 
a-c or d-c types. Signal generating and follow-up pairs 


of resistance potentiometers or ‘“‘selsyn’’ units may be 


used. thermometer 
reluctance bridges yielding displacement, acceleration, 


Resistance bridges or variable 
or strain signals are suitable signal sources 

The in its simplest form may 
be a polarized relay or for a-c signal systems, a ring de 
modulator and magnetic amplifier. Due to the power 


“signal-sensing device” 
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Fig. 8. Scheme of Constant Suction Controller Servo 
as applied to furnace draft control; forced, induced. 














amplifying properties of a magnetic servo clutch, the 
output of the signal-sensing device often may be used 
to control directly the servo clutch power unit. For 
example, in its simplest form a polarized relay signal 
sensing device may control directly a 30 kw output 
servo clutch. 

The block diagram, 
feed-back 
velocity 
sensing device and is driven by the follow-up action of 


Fig. 2, also shows a ‘“‘velocity 
Chis generator provides a 


proportional negative feed-back signal to the 


signal generator. 


Che velocity feed-back signal can 
be adjusted to a will 
off-on modulations of the 
in a manner to produce any appropriate deceleration of 


the servo actuator 


which cause a controlled 


servo-clutch units 


value 


series ol 


the actuator as it approaches the desired control point 
These off-on pulses of the servo clutches may be made 
small enough so that for all practical purposes the servo 
motion 


output is a uniform 


Fig. 2 are the two magnetic 


continuously 


The remaining units in 
clutches, the running motor 
and the actuator gearing These units, together with 
the feedback generator and the follow-up signal source 
ire assembled into the servo actuator. 


a million may be 


reversing 


\ power gain of over reliably ob 
a simple form of this system such as 
the polarized relay, clutched Fig. 2a 
For example, a typical modern polarized relay can_ be 
made to operate reliably on a 300-microwatt input signal 
Such 
tection network is capable of controlling as 
Chis amount of 


in turn control a magnetic servo clutch of several thou 


tained from even 


servo shown in 


a relay equipped with an adequate contact pro 
much as 
10 watts of electric power power can 
sand watts Che foregoing values are conservative and 
are not based on speculative development of components 
such as magnetic power clutches which may or may not 
to be superior to the simple disk friction clutch 


Che point ts 


prove 
using time-proved materials and design 
that these results can be expected from using the non 
speculative de Sign ol components to be described 1 


more detail in the following sections 


Vagnetic Servo-Clutch Power Unit 


Several types of servo clutches have been employed 


in the industry. Most popular of these in the 


initial stage of servo-clutch development was the pro 


past in 
portional clutch. In one proportional clutch design, 
two clutches were geared to drive the output shaft in 
opposite directions clutches were maintained 
in slight engagement in the normal or zero signal position. 


| hese 


An error signal would cause the increased engagement 
of one oppositely driving clutch and decrease the en 
gagement of the othe 
rotating force on the output shaft which corrected the 
position of the actuator thus eliminated the error 
Phe object of this type of servo clutch was a 


his action caused a positive 


and 
signal 
torque output proportional to the control signal. 

The proportional type of servo clutch has the ad 
vantage that it provides a theoretically infinite position 
ing characteristic necessary for system stability in high 
accuracy servos. Also and not the least of its attractive 
ness, is that it 1s treat in a 
mathematical analysis than the nonlinear on-off clutch 
The proportional clutch has the disadvantage, however, 
in that the attempt to maintain proportional control be 


considerably easier to 


48 


tween mechanical drive members involves slippage, 
severe clutch heat dissipation problems, and a somewhat 


low efficiency. 


A more direct approach to the problem of servo-clutch 
design is to admit that the most efficient clutch operation 
can be obtained with the simple and positive engagement 
of a dry-disk clutch 
system are made to off-on modulate this nonlinear control 


Then, if provisions in the servo 


device a close resemblance to the desirable proportional 
control obtained. On the whole, pulsing the 
clutch in and out for a number of pulses may result in 
less internal problems and better mechanical efficiency 
than a clutch which is allowed to slip continuously to 
iccomplish the same purpose. 


can be 


\nother advantage of the on-off servo clutch is that 
its control accuracy 1s not a the actuator 
gearing load or the variable load that might be coupled 
to the actuator output. With a positive action servo 
clutch, the servo-control accuracy is determined only 
by the electrical dead space in the sensing element. 


function of 


The important concept is that a simple and straight- 
forward clutch made effective for servo 
control. The simplicity afforded by magnetic dry 
disk clutches allows a designer to put most of his effort 
into the details of design which make a clutch reliable 
instead of having to put the majority of his effort into 


can be very 


making some new type of clutch function. 

Che primary design problem in a dry-disk servo clutch 
is controlling the wear that results when the servo load 
is coupled into the continuously rotating servo motor 
Che life that may be obtained from a dry-disk clutch is 
Clutch failures from excessive 
failure of the clutch 


determined by this wear 


wear can result from mechanical 
plates or an excessive increase in clutch gap. 

In the past, popular clutch materials have been soft 
metal, cork, or composition material similar to that used 
in automobile clutches. Ihe real success of the power 
type servo clutch, however, has resulted because more 
durable clutch face materials have been applied. For 
example, a rugged servo clutch with a life of tens of 
millions of operations has been obtained by using a case- 
cold-rolled 


has 


hardened steel surface operated against a 
steel surface. Another clutch 
been a polished chrome-plated surface operating against 
a cold-rolled Clutch 
steel case-harcdened 


successful facing 


steel surface. combinations of 


stainless against steel also have 
proved successful, as have magnetic-coupling clutches. 
One of the most important considerations in a servo 
mechanism design is the speed of response. It is neces 
sary that the power-controlling devices start and stop 
the mechanism rapidly. With such high-speed operation 
the servo dynamic error is reduced and stability im 
proved. There is that the actuator 
will overshoot on speed and cause system malfunction. 
High-speed difficult to obtain with a 
typical power-relay and servo-motor type of control 
because of the inertia of the motor armature. In typical 
mechanisms it has been demonstrated that in excess of 
90 per cent of the actuator inertia is contained in the 
motor armature. Furthermore, time lags in the power 
relays required to control the large currents of the servo 
motor slow down the operation of the servo. A clutch 
and brake built into the servo motor may assist by re 
moving the motor armature inertia from the stopping 


cycle problem, but it will not improve the starting char 


also less chance 


response is 


August 1957—-C OMBUSTION 





acteristic. In any event, the servo-motor tiie require 
ments must be added to those of the normally required 
power reiay 

When a reversing servo clutch is used with a continu- 
ously running motor, however, the inertia of the motor 
armature can be moved from the debit to the credit side 
of the design ledger. The servo clutch utilizes the 
stored energy in the continuously running motor arma 
ture for high starting acceleration. Actuation time of 
the servo clutch itself is no greater than a typical power 
relay. For example, an a-c servo clutch requiring 1000 
watts of power for actuation and capable of controlling 
a 10,000-watt stoker motor can be designed to have an 
operation and a release time of 5 milliseconds each. 
This would be a better than average performance for 
commercial control relays designed to handle the same 
power. 
servo 

this 
example the servo clutch accelerates at 30,000 radians 


Comparative acceleration characteristics of a 


clutch and servo motor are shown in Fig. 3. In 


per second per second or five times faster than the servo 
motor. 

One of the conflicting design problems in an on-off 
servomechanism is that of providing adequate power for 
while the small pulse 


stability of system as a whole. 


system acceleration retaining 
travel the 
In an on-off servomechanism it is necessary for stability 
that the pulse travel or sensitivity 
within the control dead space be established by the sensing 
It would seem that this requirement in an 
on-off servo would be defeated by employing a high 
clutch. Such ts the 
case, however, if the clutch is designed to provide a few 
With this provision it is 
possible to obtain a step sensitivity equivalent to or better 


needed for 


minimum step 


element. 


acceleration magnetic servo not 


milliseconds of starting slip 
than a servo-motor design, using in both cases the iden 


tical actuator load characteristics. A 
starting slip characteristic is shown in the servo-clutch 


motor, and 


oscillogram of Fig. 3. 

Where high accelerations of the servo-clutch system are 
desired, excellent torque to inertia ratios may be secured 
Here a disk 
made from magnetic material is cut away at the center 


with a simple disk clutch as shown in Fig. 4. 


to provide both the necessary spring action and the 
flexibility to allow the rim of the disk to engage the 
Clutch disk travel would the 
Che flexing support members are 
shown beaded in Fig. 4 to allow for angular alignment 
of the disk clutch face with the magnetic driving units. 
For a servo-clutch power type typical of the size being 
described in the 2000 to 30,000 watt output range, 
the clutch disk made from materials »- to 
8-in. thick. Such simple designs require careful me 
chanical refinement but little of the speculative research 


driving magnets be oi 
. Ss 


order of 0.05 to 0.1 in 


could be 


characteristic of many current experimental proposals 
and can be expected to have substantial production cost 
advantages. 

The use of magnetic clutches is attractive in servo 
control because these devices are efficient transducers 
of power from the electrical to the mechanical form. 
Servo clutches both transform and amplify power in the 
same operation. The efficiency of power conversion may 
be demonstrated by comparing a typical 300-watt output 
servo motor to a 300-watt output servo clutch. With 
the servo clutch, 300 watts of mechanical output power 
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may be controlled with 10 watts of electric power (input). 
A 300-watt output from a servo motor, however, would 
require approximately 500 watts of controlled input 
In this comparison, therefore, the servo clutch 


power. 
alone shows a power amplification of 30 to 1 and an 
advantage over the motor of 50 to 1 in the amount of 
electric power required to control a 300-watt mechanical 


output. 


Velocity Feedback 


The application of velocity feedback to off-on clutched 
controls eliminates performance to a level competitive 
with proportional controls. Velocity feedback is the 
brakeman on the servo gear train. Its function 
stop or brake the actuator at the position or speed pre 
scribed by the signal-sensing device without overshoot 
or oscillation. In order to accomplish this job, the ve 
locity feedback first must sense the actuator order re 
quired at any velocity and then signal when to start 
the new operation. In on-off controls, feed 
back provides a damping characteristic by time modu- 
lation of the servo clutch. At a point predetermined by 
the initial velocity signal, the servo clutch is off-on pulsed 
to obtain the desired deceleration to the selected stopping 


is to 


velocity 


point, or vice-versa. 

A simple type of velocity feedback is proposed as shown 
in Fig. 5. With this method 
erated by integrating a series of capacitor pulses ob 
These con 


a velocity signal is gen 


tained when electric contacts are operated 
tacts are opened and closed at a rate proportional to 
servo velocity. Polarity of the feedback signal is ob 
tained by actuating either one of two sets of contacts 
according to the direction of the driving cam rotation. 
The feedback generator described is only one of many 
types that can be employed in servo controls. The most 
the This 
source proportional to 


common 1S tachometer generator. type of 
feedback 
velocity and is the type most often employed. 

One point that should be emphasized about applying 
feedback in off-on servomechanisms is that such feed 
back should not be used to compensate for slow electro 
mechanical operation. Every effort should be made to 
purge the basic servomechanism of unnecessary inertias, 
complaisance, and time lags. Then rate feedback should 
be added as an addition to the basic performance. The 
approach of making the basic system sound before re 
fining it with velocity feedback has three advantages: 

(1) The feedback circuit, except for insulation, 1s 
That is, 


generates a_ signal 


reduced from a series to a parallel liability. 
failure of the velocity feedback unit does not cause servo 
failure. 

(2) When velocity feedback is finally added, the 
system performance improves. For example, the step 
sensitivity of the servo may be increased many times. 

(3) Less feedback voltage is required. 

The amount of velocity feedback required can be 
determined from an analysis of the servo stopping char 
The velocity feedback signal required is 
merely the error signal cancelled during the speed control 
interval. a particular 
velocity cancels the error signal at a rate of 0.1 volt per 
millisecond and the stopping operation consumes an 
effective time of 50 milliseconds, a feedback signal of 
5 volts is required for critical damping. 


acteristic. 


If, for example, the servo at 





Signal-Sensing Device 


To obtain a type of servomechanism which achieves 
performance without the sacrifice of simplicity, a simple 
clutch power unit and feedback generator is suggested. 
It is appropriate 
with the 
polarized relay 


therefore, to complete this discussion 
simplest possible signal-sensing device the 

A simple contact arm and actuating coil comprising a 
relay is perhaps the most efficient, lightest, and most 
for getting power amplifications of the 
50,000 to 1,000,000 watts. With these ad 
vantages it seems worth while to give the polarized relay 


stable device 


order of 


a chance by providing at least the same degree of en- 
gineering attention to its design and application that 
would be given to competing electronic and magnetic 
amplifying devices 

Substantial progress in the design and application of 
polarized relays to combustion control has been made 
Much of the current objection to power plant 
Such 
prejudice has resulted from former attempts to use po 


recently 
use of polarized relays may border on prejudice. 


larized relay devices not adapted to this environment 
or to serious misapplication. Under the category of mis 
the use of any 
contact-making device without a thorough investigation 


of the contact problems and the design of appropriate 


application may be included sensitive 


contact protection networks 

It is believed that up-to-date relay units with adequate 
contact protection networks can be applied to drive 
controls in a manner to insure adequate reliability. 


Conclusions 


(1) The demand for improved reliability in combus 
tion servomechanism control is increasing at a faster 
than the actual growth of reliability. This re 
lability factor together with the cost of industrial servo 
mechanisms 1s 


rate 


a limiting factor in the supervision and 
effectiveness of thermal production 

2) Simplification is the first step in improving servo 
reliability on-off 
controls are simple and have been based on nonspecula 


and reducing cost Electric servo 
tive design which incorporates rugged electromechanical 
elements 
3) Che combined use of feedback and servo clutches 
in an on-off servo elevates its performance to that ob 
tained with continuous control while offering the pos- 
sibilities of lower cost and weight, greater simplicity 
Single-stage control to 0.1 per cent of 
full speed is practical 

(4) All-electric off-on modulated control can match 
response characteristics presently obtainable only with 
hydraulic or 
1,000 to 100,000 radians per second per second are ob- 


and reliability 


pneumatic controls. Accelerations of 
tainable 

5) The off-on modulated type of servo unit is adapt- 
able to large plant servo control applications presently 
using hydraulic or electrohydraulic servos. The subject 
unit would offer the advantages of all-electric control 
while avoiding the critical motor starting problem, as- 
line disturbance, and brush problems of a 
servo-motor control, as well as maintenance of perfected 


sociated 


air and oil networks. 
Most common forms of integral action are usually 
expressed in terms of floating action or as reset. Reset, 


50 


however, is applied here only to a particular form of float- 
ing action when used with proportional position action. 


Integral Action In Automatic Control 


Floating action may be subdivided into the common 
types: (1) single speed floating and (2), proportional 
speed floating. To conveniently illustrate single speed 
floating action, the mechanical level controller is con- 
verted electrical controller—thence to 
control. Initially, its proportional action is retained. 

This is shown in Fig. 6. Assume that the transmitting 
slide-wire position is exactly balanced by the rebalancing 
slide-wire position. When this condition of the bridge 
holds, there is electrical balance. If water level in the 
drum, deaerator tank, heater reservoir, or water softener 
system drops the transmitting, or error-detector circuit, 
moves downward. 

This puts the transmitter at a potential more negative 


into an servo 


than that of the rebalancing, or reference quantity po- 
Current flows from negative to positive 
through the coil of the polarized relay. When current 
flows in this direction, the armature is moved to the 
right to make contact with the counterclockwise terminal 
of the servo motor or power unit. 

The motor shaft revolves in a counterclockwise direc 
tion and the wiper of the rebalancing reference-quantity 


tentiometer. 


potentiometer is moved upward to a more negative po- 
sition. At the time it reaches the equivalent negative 
which 
moved, no current flows in the polarized relay and its 
armature (or contactor) returns to the neutral position. 
Thus, rebalancing has occurred and, in doing so, the 
servo motor has also lifted the gate valve or final control 
element. The converse of this operation is also true. 


position to the error-detecting slide wire has 


Proportional band control is added to this servo 
mechanism by controlling voltage to either or both of 
the slidewires. The broken lines in Fig. 6 shows a pro- 
portional band adjustment potentiometer, or controlled 
signal, to adjust voltage across the reference quantity 
slidewire. 

Suppose that the proportional band adjustment po 
tentiometer wipers are moved closer together as shown 
so that the potential, e, is 50 per cent of the potential, 
é, applied to the transmitting, or error-detecting slide- 
When this is done, it can be seen that full range 
movement of the rebalancing slidewire wiper must be 
obtained for the movement of the transmitting slide 
wire wiper to equal the voltage range shown by e. 
Since the full operating range of the final control ele 
ment is 100 per cent and the range of values of the con 
trolled variable is only 50 per cent, the proportional band 


wire. 


can be expressed as: 


).5e 


( 
LOO 


100 


INTEGRAL ACTION 


(Single Speed Floating Action). To illustrate this 
action, the link between the final control element and 
the wiper of the reference quantity slidewire is removed, 
as is shown in Fig. 7. The wiper is then moved manually 
to a position representing the desired set point—its 
function now becoming regulated quantity as well as 
reference quantity—-termed the set-point adjustment. 
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Assume that equilibrium conditions are obtained, i.e, 
the position of the float or transmitting slidewire wiper 
is electrically equal to the set point. When demand 
increases, tank level decreases, thus dropping the float 
and its slidewire to a more negative position. This un- 
balances the circuit, and the gate valve is opened by 
the previously described action of the polarized switching 
of power to the servo power unit. It continues to open 
more and more until the water level in the tank or drum 
increases to a point where the float places the potenti- 
ometer wiper in that electrical position equal to that of 
the set-point reference. Then, the electrical circuit 
becomes balanced and the motor operator deenergized. 

However, the gate valve may have been raised or 
opened to a position greater than that required to main- 
tain demand level at the set point. If this is true, the 
level will continue to rise and the circuit will again be- 
come unbalanced but in the opposite direction. This 
will allow the gate valve to drop, decreasing the flow 
of inlet water. however, this can become a cyclic re- 
currence known a “‘hunting’’ or oscillation. Tendency 
of the single speed floating action controller toward hunt 
ing or continuous oscillation is one of its great disad- 
vantages. One of its primary advantages, however, 
is that trait of never suffering from any offset plus the 
fact that it is adapted to control of non-linear final contro] 
elements found so prevalent in the modern power plant, 


PROPORTIONAL SPEED FLOATING ACTION 


It can be seen in the following example that, when a 
small increase in demand flow occurs, the rate of change 
of tank level will be small. Motor speed is required 
proportional to the deviation. This type of action can 
be obtained and is known as proportional speed floating 
servo control. See Fig. 7. 

Here, the polarized relay is replaced directly by a 
portion of the armature winding of a d-c motor having a 
separately exciting field. The former field (or relay wind- 
ing) is referred to as the error-correcting coil, whereas the 
latter is referred to as the applied control. Rotational 
speed of this servo motor is directly proportional to the 
voltage across the armature circuit, or torque amplifier. 
Direction of rotation is determined by the direction of 
current flow through the armature circuit. With this 
arrangement, if the change in demand flow is small, the 
level change is small, and vice versa. 

Therefore, if a large sudden drop in level occurs, the 
motor speed will at first be great and raise the value at 
a fast rate. As the inlet flow rapidly raises the float 
potentiometer, the voltage difference is reduced, reducing 
current flow and producing a gradual reduction in motor 
rpm proportional to the increase in level until the ‘‘set- 
point’’ is reached. The proportional band potentiometer 
in this example controls the voltage appearing across the 
controlled variable (reference quantity), which affects, 
in turn, the amount of voltage appearing across the 
servo motor for a given deviation from set point. This 
determines the motor speed for that deviation. (It 
might interest power engineers to know that this servo 
control for proportionment has been applied to the arc 
rods of projection machines for many years.) 

Proportional speed floating controllers are the ‘“‘work 
horses’’ Typical of 
these applications are boiler feedwater control, super 
heat and reheat controls, and fuel-air ratio demands. 


in most phases of boiler control. 
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Proportional speed floating action in the servo field 
is obtained in the majority of diaphragm unit controllers 
by adding a piston type pneumatic pump, driven by the 
motor operator or power unit. This pump is referred 
to as the feedback or stabilizer piston. Its output 1s 
connected into the diaphragm amplifier impulse line to 
partially oppose any change 


ELECTRIC CONTROL 

A typical controller of this type is illustrated in Fig. 
8, which shows a constant suction type controller used 
to operate an induced draft fan damper. The fan drive 
itself is driven by the servo power unit previously de- 
scribed. Furnace draft applied to the diaphragm is 
balanced by the calibrating spring, or governor. Un 
balance produced by an increase or decrease of furnace 
draft from the set point (reference quantity) moves the 
magnet arm to close either the increase- or the decrease- 
switch, respectively creating disturbance in the power 
unit—thus opening or closing, as demanded by the 
error correcting stabilizer. 

Initial motion of the power unit is at a constant speed 


(with gear-train reduction). This motion, while chang- 


ing the damper position in a direction to correct the draft 


deviation, also operates the feedback piston, which 
develops air pressure in the diaphragm in a direction 
opposing the change in furnace draft. This causes the 
associated mercury switch to open and the servo power 
unit to stop and remain positioned. 

Within a short period, pressure developed by the piston 
is absorbed in the furnace draft line. If a deviation from 
the reference quantity still exists, the mercury switch 
again closes and the above sequence of events is repeated. 
Thus, power unit motion is a series of on-off, forward- 
backward steps which, when integrated with respect to 
time, exhibit proportional to the deviation. 
This is illustrated graphically in Fig. 9. 


speeds 


ELECTRONIC SERVO CONTROL 

A servo type electronic controller is applied whenever 
greater threshold and resolution sensitivity are desired. 
Its dead band and hysteresis characteristics are cor 
respondingly less. Action of the servo electronic con- 
troller can be either proportional position or proportional 
speed floating. Fig. 10 shows its application as a fuel 
air ratio controller, for instance. An electronic amplifier 
raises the deviation signal level, detects it, and controls 
a pair of relays for controlling the increase and/or de 
crease windings of the servomechanism operating the 
fuel-air ratio components. 

While the rotational speed of the power unit is at a 
fixed rpm when energized, action of the amplifier is to 
energize the servo motor intermittently. The on-time 
to off-time ratio of applied motor energy is proportional 
within limits to the deviation and can be adjusted by 
means of the dwell, or applied, control at the ratio ad- 
justment point. This, as in the case of the constant 
suction controller, provides a series of on-off steps of the 
servo-motor shaft rotation which when integrated with 
respect to time effectively provides proportional speed 
floating action via servo application. 


SERVO SYSTEM OF FREQUENCY CONTROL 


(Power and Instrumentation). For the control of al 


ternator (or bus) frequency and for the provision of power 
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Fig-9| 

On-off motion of motor operator 
(power unit) plotted versus a pair 
of steady state values of deviation. 


Integrated motion with time (speed) 
1s proportional to deviation 


Fig-10 
Typical proportional speed float- 
ing action showing deviation, cor- 
responding motor operating motion, 
and deviation reduction occurring 
durina a load (steam demand)change 





to certain types of combustion-control instruments, a 


source of alternating current is required in which the 


frequen y error must be cent or less over a 


range ol 


+().] per 


temperatures, loads, and supply voltages 
Phis need has recently been met by the development of a 
small motor-driven 
of the 


power 1S 


alternator which receives its power 


from one house exciters or d-c (Rec 


tified 
is accomplished by 


generators 
also icceptable ) 
shunt-field current 
field current is controlled 


Frequency regulation 
in the 
form 


control 
motor, and the some 
of servomechanism and frequency-sensing device. 

In order to 


frequency-regulating 


existing 
amplifier 
This 
is re 


overcome the limitations of 


devices, the magnetic 
type regulator described herein was developed. 


new regulator has no moving parts (the m-g set 


mote), is extremely accurate and 1s not 
affected by shock, 
voltage fluctuations at the 


schematic diagram is shown in Fig. 12. 


in performance, 
vibration, atmospheric conditions or 
motor-alternator set. Its 


The frequency control system consists of these com 
ponents 
\ Dynamotor for d-c to a-c 
B. A small permanent 
attached to the dynamotor shaft. 
C. and D \ 
rectifiers 
Ss. A 
reactors and two self-saturation rectifiers 
F 4 control field 


In operation, two series-resonant circuits C 


conversion 
magnet a-c pilot generator 


pair of series-resonant circuits with 


magnetic amplifier, consisting of two toroidal 
rectifier 

and D are 
excited by the output of pilot generator B and supplies 
control currents to the magnetic amplifier E 


unplifier controls the current flow to the 


rectified 
The magnetic 
control field rectifier F 


which in turn, supplies rectifier 





VOLTAGE — 
TRANSMITTER 
REFERENCE 





TRANSMIT TE 


ud, 


wa 


aioe 
ee 
ie CONTROL 


SERVO 


APPLIED CONT. 
RATIO ADJUST 


Il RECEIVER 


=e 


REGULATED 
QUANTITY 








wwe 
E RROR CORRECTION 








Fig-) 
Electronic proportional position controller provides extreme sensitivity 
through use of thyratron relay tubes. Ratio between sending and 


receiving potentiometer position is adjustable. 
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current to the control field of the dynamotor. In 
addition to the principal circuit components, an electric 
damping circuit is utilized, consisting of capacitor ¢ 
and two auxiliary windings on the magnetic amplifier 
reactor cores. The damping circuit is connected in 
parallel with the control field winding and produces a 
magnetic amplifier which 


across the 


magnetomotive force in the 


rate of change of voltage 


additional magnetomotive 


is a function of the 


rectifier ‘his force acts 

in a direction to stabilize the frequency of the system. 
Temperature stability between 40 and 130 deg F is 

temperature-stabilized Perm- 


cores in the two frequency-sensing 


obtained by the use of 
alloy 


circuits. 


dust-reactor 


two 
four 
magnetic 


The magnetic amplifier E in Fig. 12 consists of 
toroidal each of 


windings. The 


ribbon-core reactors, which has 


directions of the 
shown by the 


separate 
reactor cores are arrows in 


When the 
ampere 


fluxes in the 


the illustration. dynamotor frequency is 


turns in the pairs of 
“equal and oppo 
or supply voltage 
resonant-circuit currents become unbalanced 


exactly 60 cycles, the 
control windings on each reactor are 
site When a 
occurs, the 
and the 


disturbance in load 


reactance of the magnetic amplifier increases or 
net control currents from 
the sensing circuits The saturable turn, 
regulate the current to the control field coils of the servo 
dynamotor in such a manner as to restore the frequency 


decreases as a function of the 


reactors, in 


to that value previously selected by the reference quan 
tity unit control——usually manu 
factured for 25-, 30-, 40-, 50-, 66 


60 cycles. (Units are 
120-cycles.) 
Transient response system indicate that 
the frequency will return in two-thirds of a 
second after a critical load is applied or removed from a 
turbogenerator or instrument bank consuming this cur 
rent. When the 
standard voltage-frequency 
rection will vary with the device used——varying from one 
to as much as three following a 
surge in the supply voltage to the servo-motor-generator 
much per cent. Most of 
delay attributed to the inertia of the dynamotor 
as well as the inherent in standard 
frequency regulators to which this servo device has been 


and 
tests on the 
to normal 


control system is serving a 
regulator, the cor 


frequency 
response 


seconds. Or serious 


unit, as as +5.0 this time 
can be 
inertia voltage 
as an actuator plot. 

To summarize, this magnetic-amplifier 


quency control has the following advantages over older 


connected merely 
servo fre 


devices designed for the same purpose 
1. At normal temperatures the 
frequency control (or regulation) of the order of one part 


system demands 


VWi~ +44 
\Vf siue Execs 
+ +2 


> MAG 
< ame 
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in 5000 or better without the aid of tachometers, tuning 
forks, crystals, or vibrating reed consoles. Turbine 
governors, of course, will be used in conjunction with the 
system where no outside sources of power are tied into 
the plant system via synchronization. 
2. The system is stable in operation under fluctuat 
ing operating temperature con- 
ditions 

3. Other than the 


parts in the system 


loads, voltage, and 


m-g servo, there are no moving 


1. The regulator is simple in design and inherently 
free from maintenance troubles, and is not affected by 
shock, vibration, or installation misalignment usually 
encountered in use. 

This frequency control is an example of the successful 
application of the servo-type magnetic amplifier to a 
problem-——albeit at the turbine 
and is smaller, lighter, and 
for the 


practical combustion 
and or control board area 
more effective than other 
same purpose 


controls designed 


THEORY 


The following treatise is a theoretical analysis appli 
cable to servomechanisms in the combustion field as well 
in mill, factory and plant 


Stabilization Templates For Servomechanisms 


In the process of design, the power and application 
engineer must consider the change in the system trans 
er functions due to corrective networks added in cascade. 
Instead of a trial and error adjustment of the network 
parameters, templates for different corrective networks 
and protctype systems are drawn, which show the change 
in gain and phase 

Referring to Fig 
fer function plots on coordinates of decible gain versus 


13, the templates are used with trans 


angle. This applies to power-type servos as well as 
the more instrument These 
nates are used for the display of the open-loop transfer 
functions of a servomechanism, so that the addition of 
stabilization networks can be shown as loci. Any cas 
caded network will have for each frequency a specified 
phase shift and a specified change in gain. 
These can be represented by a particular length of line 


sensitive Servos. coordi 


angle) 


on this coordinate paper. 

The template of the gain-phase shift of the stabiliz 
ing network can be used with other types of transfer 
functions by moving laterally or vertically. The inter 
and the transfer function gives 
the parameters of the tem and the upper end of the 
template gives a point through which the new stabilized 


section of the template 


system will go 

If the shape of the actual transfer function at high 
frequencies is similar to that of the prototype, then the 
shape of the stabilized system at the critical frequency 
will also be similar to that of the prototype. 

An open-loop transfer function of an integral with one 
time constant is shown in Fig. 13. Dimensionlessly it 
is G, A 6, K ju, (1 + ju). All of these functions 
are identical except that they occupy different vertical 
positions depending upon the value of A. 

If the original system were cascaded with a lead net 
work, whose low-frequency time constant equals that 
of the system’s, then these time constants would cancel 
and the resultant system would also appear to be an 
integral plus one time constant. If additional gain 
were added, and then the transfer function expressed in 
dimensionless form, it would have an optimum adjust 
ment at \/ 1.3 or K 1.36. Fig. 13 shows this 
optimum or compensated prototype system. 

Consider the requirement of stabilizing a system whose 
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required d-c gain is so great that the transfer function 
represented by the foregoing equation cuts through the 
VW 1.3 Use a lead network with a ratio 
of time constants of & and an additional gain of k 
The transfer function of the composite system 1s 
G.G K(1 + jokT 2) / ju, (1 + ju,) (1 + jw72). To cancel 
the numerator factor, let wk7> u,, and wl» u. This 
compensated system should be through the point A, 
gain of one at 135 degrees lag. If G.G, is set equal to 
(—0.7 —0.7j) at a value of u of unity, K/2 is 1.4. 

The transfer function of the original uncompensated 
system, is Gy, 1.4/7(1 + jk). This is the equation for 
the locus of all the points on Fig. 13 which can be moved 
to point A by a single lead upper crossover frequency. 
it has only one parameter, the 
ratio of time the lead network. The 
intersection of any unstabilized curve with this locus 
yields the values of k and u, for the upper crossover fre 
quency of the lead network. The design is therefore 


contour. 


This locus is plotted; 
constants of 


complete. 
If the original system were stable, but the speed of 
response not sufficient, the original transfer function 
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Fig-13- Locus of the change in gain and phase pro- 
totype by the upper crossover frequency of a single 
lead network-of paramount importance in the servo- 
design of combustion-control instrumentation 























should be plotted on transparent paper, laid over the 
template of Fig. 13, and then moved in a vertical direction 
until the intersection of the stabilizing locus and the 
original transfer function occurs at the new desired new 
critical frequency or new resonant frequency. 
section gives the lead network design and the vertical 
shift is the additional d-c gain in decibels required 

A lead network was used here for illustrative purposes 
Templates may also be con- 
structed for networks for reducing noise susceptibility, 
These templates aid 


because of its simplicity. 


and for complex pole-zero pairs. 


greatly in the rapid and systematic design of feedback 


and velocity feedback systems. 


REVIEW OF NEW BOOKS 


Any of the books here reviewed may be secured through 
Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 
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Reactions of Carbon with Car- 
bon Dioxide and with Steam 


By C. G. von Federsdorff 


Institute of Gas Technology Research 
Bulletin No. 19, 76 pages, $7.50 


This bulletin contains the results 
of ten years of study of two of the 
fundamental reactions in the produc 
tion of manufactured gas. Studies of 
reactions in the temperature range of 
1700 to 2500 F between a solid fuel 
and oxidizing gases are presented as 
(a) the development of mathematical 
procedures which may have general use 
in estimating physical and chemical 
factors 
ification, and (b) application of these 
procedures to the interpretation of 
steam and carbon dioxide decomposi 
tion rates and gas analyses 

Most of the experimental data were 
obtained with continuous-flow fixed-bed 
reactors operating at atmospheric and 
in the 
Chicago. 


associated with carbon gas 


superatmospheric 
Institute’s laboratories in 


pressures 


Results reported by others are analyzed 
in a literature study and addendum 


Design of Piping Systems 
John Wiley & Sons, 365 pages, $15 


A second edition of this authori- 
tative book has been prepared by mem 
bers of the engineering departments of 
The M. W. Kellogg Company. A 
complete investigation of structural 
design is included with emphasis on the 
flexibility analysis of critical systems. 

In chapters I and II, Strength and 
Failure of Materials and Design As- 
sumptions, Evaluation; and 
Design Limits, and again in the third 
chapter on Local Components, which 
treats the effect of piping reactions on 
local and terminal components of a 
piping system, there is much material to 
aid the designer to understand the sig- 
nificance of stresses in piping per- 
formance. Chapter 4, Simplified 
Method for Flexibility Analysis, contains 


Stress 


several newly developed approaches that 
facilitate the general assessment of 
average piping or are helpful in the 
planning stage of critical piping design. 

Offering an unusually complete treat- 
ment of the thermal expansion problem, 
the new edition also gives a method for 
calculating the effects of uniform 
loading, such as that due to weight or 
wind. A chapter entitled Supporting, 
Restraining, and Bracing the Piping 
System covers the various problems 
of supporting critical piping systems, 
while a chapter on Vibration: Preven 
tion and Control approaches the sub 
ject from the standpoint of the piping 
designer, with the objective of achiev- 
ing vibration free piping in the design 
phase of a subject. 

Other chapters deal with flexibility 
analysis by the general analytical 
methods and by model test, and ap- 
proaches for reducing expansion ef- 
fects. An extensive appendix includes 
the history and derivation of piping 
flexibility analysis, derivation of acous- 
tic vibration formulas, and various 
charts and tables. 

The engineering profession has re- 
ceived many benefits from the willing 
ness of companies to share technical 
information, much of which was origi 
nally developed at great expense to in- 
dividual organizations. This book is 
an outstanding example of such en- 
lightened sharing to the benefit of all 


COMBUSTION PUBLISHING COMPANY, INC., 
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The theory of the throttling calorimeter is 


reviewed. 


Speculations upon the irre- 


versible expansion of wet steam are pre- 


sented. On the basis of experimental work 


by other investigators, and a two-phase 


analysis of the physical factors, it is shown 


qualitatively that the expansion is com- 


pleted prior to the phase change. 


The Throttling of Wet Steam 


By J. H. POTTER* 


Stevens Institute of Technology 


NY attempt at an analysis of the throttling of 
wet steam must be based upon a physical picture 
ot this fluid. There is general acceptance of the 

definition of wet steam as a mixture of dry saturated 
vapor and saturated liquid at the same temperature and 
pressure. However, there is very little information on 
the form of the liquid in this mixture. 

Early workers in the field assumed that the dry steam 
exhibited gaseous behavior and that the liquid phase was 
present in the form of large drops. Superficially this 
was borne out experimentally, as the separating calorim- 
eter apparently demonstrated. Carpenter (1)! claimed 
that, on the basis of nearly 100 observations on a separat 
ing calorimeter, the exit steam quality averaged 99.998 
his statement must be weighed in terms of 
However, 


per cent 
the state of the art at the turn of the century 
it has been amply demonstrated that for a given sampling 
station and initial pressure, the separating calorimeter 
does remove the greater part of the moisture present. 

Calibration instructions for some of the early instru 
ments (2) called for comparing the performance of the 
unit under test conditions and on The 
latter was considered to be obtainable from a boiler drum 
during very low load, or from a header in which the steam 
velocity was nearly zero. In either case the implication 
that the water droplets in the wet steam were 
heavy enough to settle out. 

The the combined separating——throttling 
calorimeter (3) should have upset the large droplet 
theory. liquid must have been able to 
through the separating element, or the temperature read 
ing on the throttling unit would have been too high. 
In a most interesting paper by Upton (4), he investi 
gated the ability of flowing steam to carry small spheres 
For the approach velocities found in calorim 


“dry steam.” 


was 
advent otf 


pome pass 


of water 
eters these spherical droplets can be surprisingly large. 
The present paper reports upon the possible combina 


ASMI b-Committee (F Power Test Codes Committee No 
and Apparatus 


refer to Bibliography at the end of the article 


* Member 
19, on Instruments 
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tions of paths by which wet steam may travel through a 
throttling calorimeter. The assumptions and approach 
would be equally valid for other devices in which steam 
undergoes an expansion and a drying process. 


Theory 


A plan view of a simple throttling calorimeter is shown 

The steam pipe () has a sampling tube, A, a 
gage connection, B, and external insulation. A 
connects the sampling tube and the pipe, D, in 
Steam expands 
A thermome 


in Fig. 1. 
pressure 
valve, C, 
the end of which there is an orifice, E. 
through E into the calorimeter chamber (2). 
ter, T, measures the stagnation temperature of the spent 
steam; a pressure gage connection is available at F 
The calorimeter chamber and connecting piping are 
heavily insulated, and often the former is highly polished 
For purposes of analysis the following nomenclature 
will be used: 
A area, Sq ft 
& constant 
d diameter of droplet, ft 
diameter, ft 
force, lbs 
enthalpy, Btu ‘Ib 
778.26 ft-lbs / Btu 
kinetic energy, ft-lbs 
length, ft 
moisture, per cent 
pressure, psia 
heat, Btu 
radius, ft 
surface tension, lbs ft 
temperature, F 
internal energy, Btu/Ib 
specific volume, ft*/Ib 
work, Btu 
quality, per cent 
distance, ft 
height above a datum, ft 
density, mass per unit volume; py, liquid; p, 
vapor 
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Plan view of throttling steam calorimeter 


Fig. | 


lu viscosity coethicient 

r kinematic viscosity 

For one pound of a heat medium, the steady flow en 
is given by 


ergy equation, in consistent units 


Z, + Pw,+ ww 4 +O 


Pw, + U2 + (KE), + W (1) 


When applied to a throttling calorimeter, the potential 
and kinetic energies become negligibly small. There is 
work, and the ideal instrument ts also 


|) therefore reduces to 


no ‘paddle wheel 
adiabatic Equation 
Pw, + u h Pots + Us he 2) 
terminal enthalpy values does not 
In order to estab 


Equality of the 
in itself make the calorimeter usable 
lish the inlet enthalpy it must be possible to measure 
that atexhaust. This requirement is met only when the 
endpoint lies in the superheat region, where the enthalpy 
1S uniquely set lor a given pressure and temperature 

In Fig. 2 an isenthalpic path is shown in the h-s plane, 
extending from the point | in the wet region, to the point 
2 in the superheated region. Such a path might be fol 
lowed during the wet 
through a porous plug 
equilibrium would be established during each decrease 


very slow expansion of steam 


In that case complete thermal 


in pressure 

\lthough it is customary to draw a horizontal line 
across the Mollier chart to find steam quality from calo 
rimeter measurements, the method is valid only for de 
Che actual steam path in the 
calorimeter cannot be isenthalpic. 
In Fig. 3 a constant enthalpy path is traced out in the 
T-S plane. The points 1-g-2 correspond to the equiva 
lent stations on the h-s diagram in Fig. 2. The extent 
of irreversibility in throttling is nicely demonstrated 1n 
Fig. 3. All of the area under the constant pressure path 
For each succeeding 


termining the endpoints 


to | represents the enthalpy at 1. 
step along the isenthalpic, the total area under the isobar 
on the T-S plane must be the same. This is done at the 
expense of the availability of the energy, as evidenced by 
lower temperature, and pressure, and is reflected in the 
increase in entropy. 

Returning to Fig. 1, is it possible to realize the physical 
steps assumed to take place in the calorimeter? 
from | to 2 by aseries of reversible paths is shown as 1-A-2 
in Fig. 4 for the h-s plane and in Fig. 5 in the T-S plane. 
Here it has been assumed that the steam expands isen 
tropically in the orifice and that a subsequent constant 
pressure drying and superheating process follows. 

Experience with real orifices rules out the possibility 


Passage 
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Fig. 2--Constant enthalpy path in the h-S plane 


of isentropic expansion even with dry steam. If the 
orifice actually handles a two-phase mixture with water 
droplets entrained in dry steam, the mechanism of en 
trainment would itself be irreversible 

It is probable then, that the expansion of the steam 
follows an irreversible path such as 1-B-2. in Fig. 4 
The same processes are identified as end points in Fig. 5, 
recalling that irreversible paths cannot be drawn in the 
r-S plane. 

Is it possible that the steam reaches the dry saturated 
Such a path would 
this is extremely 


vapor state at the exit of the orifice? 
be shown as l-g-2 in Fig. 4. That 
unlikely will be shown later. 

An idealized picture of the two phase flow through the 
orifice is shown in Fig. 6. Here it is assumed that dry 
saturated steam is the vehicle by which small spherical 
The 
arbitrary dimensions of the orifice are diameter D, and 
length L. The droplet size, d, may be considered to be 
small in comparison to the orifice diameter and the drop 


droplets of water are moved through the orifice. 


let need not be limited to movement along the centerline 
of the orifice. 
of the spherical droplet has been pictured 
leaving the orifice than at entrance. 

It has been shown (4) that, within the ranges of Rey 
nold’s numbers encountered in steam lines, two forces 
That 


due to eddy resistance may be expressed in the form 
F, Cp(d)*(V) 3) 


The second resisting force is due to viscous drag, and 
5 S 


For purposes of discussion the diameter 
as smaller 


resist the movement of a sphere in a fluid medium. 


is given by Stokes’ equation: 
F 3mu(d)(V) (4) 
The total resisting force is then 


F, 3mu(d)(V) + Cp(d)*(V)? (5) 


When the spherical body is a drop of liquid, a question 
arises as to whether the drop will break up under the ac 
tion of the forces at work. The strength of a sphere of 
liquid is a function of the circumference and the surface 
tension. However, this problem is further complicated 
by the fact that, under stress, the droplet deforms, taking 
on a pear shape prior to breaking apart. 

As a first approximation it may be assumed that the 
deformed sphere breaks off at a circumference about half 
as large as that of the original sphere. The strength of 
the drop may then be estimated as: 


T ; : 
: (d)(.S) (6) 
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. 3--Constant enthalpy path in the T-S plane; steam 


initially wet and finally superheated 


Fig. 4 Mollier diagram showing alternate paths by which 
wet steam is throttled and dried 


The limiting velocity which a drop may attain without 
breaking up is determined by equating the strength and 
the resisting force 


Sau(d)(V,) + Cp(d)*( V2) 


In equation (7 represents the ‘‘tearing velocity 
the limiting velocity at which the total resistance to mo 
tion is equal to the strength of the droplet. 

It can be shown that under viscous forces alone, the 
Eddy 
resistances would become predominant before the viscous 
tear attained. Equation (7) 
solved approximately without the viscous term 


droplet would tear only at very high velocities. 


velocities were may be 


giving 


r5 
VN 2Cpd 


The tendency of the water droplet to settle out of the 
steam stream is related to diameter. The mass of the 


drop is given by 


T 
(d)*>, 
6 


Equating the droplet weight and the resisting forces 


(da )°g | py Sauld)( | Cp,(d)*( V7) 


6 


where |’, is the falling velocity. 
If again the eddy resistance is predominant, equation 
(9) may be reduced to 
[ 
nig | py 
a (10) 
6C Po 
A limiting condition exists when the tearing and falling 
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st 
velc ities are equal 
and 


? 


Equations (7) and (9) are then 


equ 


T . 
(d)(.S) 
) 


Equation (11) gives the maximum drop diameter that 
can be maintained against the pull of gravity. Any 
gain in velocity in either the vertical or horizontal dire« 
tion will result in a breaking up of the droplet. 

A further effect is that of entrainment or atomization 
of droplets standing on the edges of line internals. Using 
equations (3) through (11), it can be shown that, for the 
usual approach velocities, rather large droplets can be 
carried to the calorimeter orifice. Also, as the velocity 
decreases, the size of drop that can be atomized in 
creases. These data are presented in Table | 

Returning to Fig. 6, is there a tendency for the droplet 
to ‘“‘explode”’ as it moves along the axis of the orifice into 
An approximate 


solution may be obtained by assuming that the drop 


progressively lower stream pressures? 


diameter is small enough to be transported at the given 
station in the orifice according to equation (7). Under 
these conditions the accelerating force on the sphere be 
comes negligibly small, and the stability of the droplet 
can be approximated by equating the pressure differential 


DIAMETER A 
AND VELOCITY 


rABLE I MAXIMUM DROP INFLUENCED BY 


PRESSURE 


Steam pressure, psia 200 
Steam velocity, ft/sec 130 65 33 100 rf 
Drop diameter, in., carried 

against gravity 
Drop diameter, in 


0.158 
0 OR4 


0 149 
0 006 


0. 158 
0 O19 


0.149 
0.001 


0.149 O.158 


atomized 0.019 O OOF 
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Fig. | 


Plan view of throttling steam calorimeter 


kL viscosity coeihcient 
i kinematic viscosity 
For one pound of a heat medium, the steady flow en 


ergy equation, in consistent units, 1s given by 


Z T Px 
+ (KE) + WwW (1 


When applied to a throttling calorimeter, the potential 
and kinetic energies become negligibly small. There is 
no ‘paddle wheel’’ work, and the ideal instrument is also 


adiabatic. Equation (1) therefore reduces to 


) ) 


Py, + u hi Ps. + tt h 2) 


Equality of the terminal enthalpy values does not 


in itself make the calorimeter usable. In order to estab 
lish the inlet enthalpy it must be possible to measure 
that at exhaust Chis requirement is met only when the 
endpoint lies in the superheat region, where the enthalpy 
is uniquely set for a given pressure and temperature. 

In Fig. 2 an isenthalpic path is shown in the h-s plane 
extending from the point | in the wet region, to the point 
2 in the superheated region. Such a path might be fol 
lowed during the slow expansion of wet steam 
through a porous plug. In that case complete thermal 
equilibrium would be established during each decrease 


very 


in pressure 
Although it is 
across the Mollier chart to find steam quality from calo 


customary to draw a horizontal line 
rimeter measurements, the method is valid only for de 
termining the endpoints. The actual steam path in the 
calorimeter cannot be isenthalpic. 

In Fig. 3 a constant enthalpy path is traced out in the 
T-S plane 
lent stations on the h-s diagram in Fig. 2. The extent 
of irreversibility in throttling is nicely demonstrated in 
All of the area under the constant pressure path 


For each succeeding 


The points 1l-g-2 correspond to the equiva 
| I | 


Fig. 3. 
to | represents the enthalpy at 1. 
step along the isenthalpic, the total area under the isobar 
on the T-S plane must be the same. This is done at the 
expense of the availability of the energy, as evidenced by 
lower temperature, and pressure, and is reflected in the 
increase in entropy. 

Returning to Fig. 1, is it possible to realize the physical 
steps assumed to take place in the calorimeter? Passage 
from 1 to 2 by aseries of reversible paths is shown as 1-A-2 
in Fig. 4 for the h-s plane and in Fig. 5 in the T-S plane. 
Here it has been assumed that the steam expands isen- 
tropically in the orifice and that a subsequent constant 
pressure drying and superheating process follows. 

Experience with real orifices rules out the possibility 
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Fig. 2--Constant enthalpy path in the h-S plane 


of isentropic expansion even with dry steam. If the 
orifice actually handles a two-phase mixture with water 
droplets entrained in dry steam, the mechanism of en 
trainment would itself be irreversible 

It is probable then, that the expansion of the steam 
follows B-2. in Fig. 4 
The same processes are identified as end points in Fig. 5 
recalling that irreversible paths cannot be drawn in the 
T-S plane. 

Is it possible that the steam reaches the dry saturated 
Such a path would 
this is extremely 


an irreversible path such as | 


vapor state at the exit of the orifice? 
That 


be shown as l-g-2 in Fig. 4 
unlikely will be shown later 

An idealized picture of the two phase flow through the 
orifice is shown in Fig. 6. Here it is assumed that dry 
saturated steam is the vehicle by which small spherical 
The 
arbitrary dimensions of the orifice are diameter D, and 
length L 
small in comparison to the orifice diameter and the drop 
let need not be limited to movement along the centerline 
For purposes of discussion the diameter 


droplets of water are moved through the orifice. 


The droplet size, d, may be considered to be 


of the orifice. 
of the spherical droplet has been pictured as smaller 
leaving the orifice than at entrance. 

It has been shown (4) that, within the ranges of Rey 
nold’s numbers encountered in steam lines, two forces 
That 
due to eddy resistance may be expressed in the form 


F, Cp(d)*( V)? 


resist the movement of a sphere in a fluid medium. 


The second resisting force is due to viscous drag 
is given by Stokes’ equation 


F 3aru(d)(V) 
Che total resisting force is then 
F, 3mru(d)(V) + Cp(d)?(V) (5) 


When the spherical body is a drop of liquid, a question 
arises as to whether the drop will break up under the ac 
tion of the forces at work. The strength of a sphere of 
liquid is a function of the circumference and the surface 
tension. However, this problem is further complicated 
by the fact that, under stress, the droplet deforms, taking 
on a pear shape prior to breaking apart. 

As a first approximation it may be assumed that the 
deformed sphere breaks off at a circumference about half 
as large as that of the original sphere. The strength of 
the drop may then be estimated as: 


T . . 
~ (d)(S) (6) 


August 1957—-C OMBUSTION 





4 


Ss 





. 3 Constant enthalpy path in the T-S plane; steam 


initially wet and finally superheated 


Fig. 4 Mollier diagram showing alternate paths by which 
wet steam is throttled and dried 


The limiting velocity which a drop may attain without 
breaking up is determined by equating the strength and 
the resisting force 


Cp(d)*( V2) 


Smul(d)(V;) Tt 


In equation (7) |, represents the ‘‘tearing velocity 
the limiting velocity at which the total resistance to mo 
tion is equal to the strength of the droplet. 

It can be shown that under viscous forces alone, the 
droplet would tear only at very high velocities. Eddy 
resistances would become predominant before the viscous 
attained. 


tear velocities 


solved approximately without the viscous term, giving 


were Equation (7) may be 


mS 
\ 2Cpd 
Che tendency of the water droplet to settle out of the 
steam stream is related to diameter. The mass of the 
drop is given by 


Equating the droplet weight and the resisting forces 
| | 


S3mu(d)(V,) + Cp,(d)?(V, 
where Il’; is the falling velocity. 

If again the eddy resistance 1s predominant, equation 
(9) may be reduced to 


wdg\py — pg) 
6Cp, 


(10) 


A limiting condition exists wher the tearing and falling 
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velocities are equal Equations (7) and (9) are then 


equal, and 


Equation (11) gives the maximum drop diameter that 
Any 
gain in velocity in either the vertical or horizontal direc 
tion will result in a breaking up of the droplet. 

A further effect is that of entrainment or atomization 
of droplets standing on the edges of line internals. _ 
equations (3) through (11), it can be shown that, for the 


can be maintained against the pull of gravity. 


sing 


usual approach velocities, rather large droplets can be 
carried to the calorimeter orifice. Also, as the velocity 
decreases, the size of drop that can be atomized in 
creases. These data are presented in Table I 
Returning to Fig. 6, is there a tendency for the droplet 
to “‘explode’”’ as it moves along the axis of the orifice into 
progressively lower stream pressures? An approximate 
solution may be obtained by assuming that the drop 
diameter is small enough to be transported at the given 
station in the orifice according to equation (7). Under 
these conditions the accelerating force on the sphere be 
comes negligibly small, and the stability of the droplet 


can be approximated by equating the pressure differential 


MAXIMUM DROP 
PRESSURE 


rABLE I DIAMETER AS INFLUENCED BY 


AND VELOCITY 
Steam pressure, psia 200 100 
Steam velocity, ft/sec 130 65 $3 100 ( 
Drop diameter, in., carried 
against gravity 
Drop diameter, in 


0.149 
0.001 


0 149 
0. 006 


0.149 
0.019 


0 158 
0 O84 


0 158 
0. 006 


0.158 


atomized 0.019 
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rABLE Il rYPICAL DROP DIAMETERS USING EQUATION 13 


Pressure psi 200 100 


Surface tension /t 0 OO27* 0 00322 
Drop diameter t 0 OL 0 OO4 & 10 


on the projected area of the sphere to the strength of the 
sphere 


7 ’ 
d)(.S) 


(12) 
) 


Che diameter of sphere that could withstand the full 
differential the line and the 
calorimeter chamber would be 
is 4 
pP 


i=|5 


For representative initial steam conditions, drop diame 


pressure between steam 


ters have been computed from equation (13) and listed 
in Table I] 

From Table II it is apparent that only very small drop 
lets are able to withstand the pressure differential across 
the throttling orifice \dmittedly, this analysis is a first 
approximation. However, an analogous case has been 
investigated experimentally in which drop sizes in a 
steam nozzle were actually measured 

Yellott 
expanding steam in the vicinity of the Wilson zone. He 


5) studied the formation of water droplets in 


used a glass-walled nozzle and observed the light emerg 
ing from the apparatus when an intense source of white 
Ray 
leigh’s equation for the intensity of light scattered by 


light was beamed along the axis of the nozzle. 


small spheres ts given as 


where 
constant 
radius of sphere 
wave length of light 
angle between line of observation and incident 
light beam 
From his observations on the color and intensity of the 
light, Yellott deduced that the mean drop 
radius was 6.2 X (10)~° em, corresponding to a mean 
drop diameter of 4.88 * (10)~° 
For these small droplets it was found that there was no 
of the sphere as it moved into the low pres 
the 


mained constant throughout the expansion. 


scattered 


“ex plosir mn 


sure end of nozzle. In one test the drop size re 


In another 








5 -T-S plane showing same paths as Fig. 4. Abscissa 
has been shortened to emphasize area of paths 








it 
Sane on 


6 Spherical 





cet 


Fig. water droplet constant 


diameter orifice 


traversing 


experiment he showed that the drop size actually grew 
during the passage through the nozzle from a diameter 
of 7.86 XK (10) in. to 4.74 & (10)~* in. 

Having considered the stability of the droplet in terms 
of resistance to tearing, falling, and pressure differential 
what of the tendency to evaporate in transit? In Fig. 7 


the T-S diagram is shown for the liquid phase alone 
The droplet approaches the orifice at the Pressure P? 


as saturated liquid. The enthalpy of the liquid is shown 
as the shaded area under the curve from 492° R to f,; 
Throttling does not alter the enthalpy, and the point A 
at the lower pressure 72, is located so that the area under 
$92-fs-A is the same as that under 492-/;. The saturated 
liquid enthalpy at the lower pressure is represented by 
the area under 492-f». 

The droplet which has undergone throttling has an ex 
cess of enthalpy above that of saturated liquid at the 
This is shown as the area under f/f, — A 
coincide with the 


lower pressure. 
However, in no case will the point A 
point C, saturated vapor. There is not enough thermal 
energy in the liquid droplet to cause vaporization at the 
lower pressure. The deficiency in enthalpy for a unit 
mass is given by 


ho» — hy tye — (An 


h, 2) (15 


In terms of heat energy above, the droplet could undergo 
partial vaporization to the extent of: 


hn — hr 
Nyoe 


Discussion 


|. Based upon force analyses on a droplet in a steam 
line, expressions for the tearing and falling velocities 
have been cited. For the operating conditions found in 
calorimeter practice, droplets may be conveyed which 
may be of the order of magnitude of the orifice diameter. 

2. Along the axis of the orifice, the tendency of the 
water particle to break up due to pressure differential 
becomes the controlling factor. Only very small drop 
lets can pass through the orifices. 
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Fig. 7 T-S diagram for liquid phase alone 


3. The experinients of Yellott showed that very small 
droplets, formed at the Wilson Zone, were carried 
through a steam nozzle. In at least one case he re- 
ported a growth of the droplet as it traversed the low 
pressure end of the nozzle. In terms of calorimeter 
practice (2) and (3) confirm the fact that water particles 
do leave the orifice 

Referring to Fig. 4 and 5, the path 1-g-2 cannot be 
realized, as both the analysis and experimental data 


show. Graphical evidence is available in the ‘‘steam 
tables’ (6). The insert following page 82 is a tempera- 
ture-entropy chart on which the constant enthalpy lines 
have been drawn. None of the isenthalpics, starting at 
saturated liquid, terminates anywhere near saturated 
vapor at one atmosphere. The existence of water drop 
lets at the orifice exit tends to substantiate the theory 
that the sequence of steps is 1-B-2. The probable loca- 
tion of the point B could be estimated by assuming a 
nozzle efficiency for the orifice and considering both 
liquid and vapor phases (7). 

4. The terminal superheating of the low pressure 
steam must be due to the dissipation of the kinetic ener- 
gies of the steam and water droplets, as this is the only 
energy source available. 
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The Growth of Sonics in Industry” 
By ROBERT L. ROD, Acoustica Associates, Inc. 


IFTEEN years ago the sonics industry as we know it 

today was virtually non-existent. With the exception 
of Sonar apparatus and fathometers, practically no equip- 
ment utilizing sonic energy for either gaining information 
or for performing useful work was available to the indus- 
trial market. The studies being conducted in the field 
were for the most part carried out by educational insti- 
tutions with limited budgets, and, for the most part, any 
practical results were completely ignored by industry. 

Today, the situation is quite different. The members 
of the Ultrasonic Manufacturing Association alone manu- 
facture equipment estimated at between $15,000,000 and 
$25,000,000 sales annually, excluding military-type sonar 
equipment. 

In general, it is interesting to consider the types of 
sonics equipment in terms of those which either are used 
to gain information or to perform useful work and 
further to show which are presently available (shall we 
say ‘‘off the shelf’ items) and those which undoubtedly 
will be obtainable in the near future. The Workshop 
Committee has defined these products as follows: 

For GAINING INFORMATION 

A. Avatlable Now—Non-destructive Testing; Liquid 
Level Sensors; Delay Lines; Filters; Viscosimeters. 

B. Future—Flowmetering; Communication—a. Pag- 
ing, b. Remote Control, c. Underwater. 


* Abstracted from a paper presented at 1957 Acoustical Society of America 
Meeting, Barbizon-Plaza Hotel, New York, May 23, 1957 
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For USEFUL WORK 


A. Available Now-—Drilling; Grinding; 
Oil Well Drilling; Degassing; Emulsification; 
Inhibition; Inchworm; Soldering & Welding; 
Transfer Improvement; Boiler Scale Inhibition. 

B. Future—Plating; Flotation; Impregnation; 
ticle Precipitation; Pickling; Quenching; Etching. 

For the most part, present installations of ultrasonic 
cleaning require some degree of hand-tailoring with re 
spect to equipment and actual acoustic techniques in 
volved. In liquid level control we can expect to see 
greater use of such devices as the unique ultrasonic level 
sensor and of sonar-type continuous level gages, particu 
larly in missile work, tank gaging in the chemical, food, 
plastic and petroleum storage market. In the field of 
metal working, ultrasonic drills, grinders and friction-re 
ducing devices, as well as non-destructive testers, are be 
coming an integral part of routine manufacturing proc 


Cleaning; 
Barnacle 


Heat 


Par 


esses. 

In conventional and atomic power plant and in nuclear 
work, sonics and ultrasonics are playing an increasingly 
important role in radioactive decontaminating, degassing 
of reactor fluids or boiler feed water, aerosol agglomera 
tion for byproduct recovery or smog control and emulsi 
fication processes. Heat transfer is improved by acoustic 
vibrations while deposition of boiler or chemical scale 
and precipitates on walls of tanks or in tubes is retarded 
by the same techniques. 





HAGAN RING BALANCE FEATURES — NO. 1 


TRIGONOMETRY OF 


UNIQUE RANGE 
CALIBRATION 
SYSTEM 
PROVIDES HIGH 
SENSITIVITY 
AT LOW FLOWS 


Low-flow sensitivity is a built-in feature of the Hagan Ring 
Balance flow meter. Rotation of the ring, in response to differen- 
tial, is governed by the adjustable range spring in accordance with 
the unvarying trigonometry of the range calibration mechanism. 
This is expressed by the formula: 
Spring deflection = R(1—cos §)—L(1—cos 9¢), 

and is graphically illustrated at the right. The upper curve shows 
that the ring motion at low range exceeds the requirement to pro- 
duce pen motion linear with flow. Thus, the cam which transmits 
ring motion to the pen arm can convert this excess ring motion 
into extra power for precise pen movement. 


METERING APPLICATIONS WHICH REQUIRE WIDE TURN-DOWN 
CALL FOR HAGAN RING BALANCE METERS. You get this feature 
when you specify Hagan, as well as the following: 

1. Ease of calibration under operating static pressures with factory 
calibrated check weights! No more four-story water columns 
and telephones! 

Safe operation with rings rated at 2,500, 10,000, 15,000 psig. No 

gaskets, no stuffing boxes. 

Sealing fluid density and level not critical. No eyedroppers re- 

quired. 

Interchangeable ring assemblies for full scale ranges from 0.5” 

w.c. to 560” w.c. Adjustment on any one ring over a 7:1 differen- 

tial range. 

Wide range computation and/or compensation by means of 

built-in, easily checked mechanisms available on most models. 

Pneumatic or electric transmission also available. 

Bulletin MSP-141 describes these features and the new design 
of the Hagan Ring Balance meter case. ASK US FOR IT. 


HAGAN ESnenous in 
CONTROLS, INC. 
HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY: HALL LABORATORIES 


Push rod moves upward against range spring, 
governing ring rotation in accordance with the 
diagram below. 


PER CENT OF FLOW READING IN UNIFORM FLOW CHART 
Excess motion of the Hagan ring, as shown by 


upper curve, is converted (with a gain in torque) 
into linear pen movement by a gently sloping cam. 


New, rigid, weatherproof, die-cast, aluminum 
case. Four-piece back for complete accessibility. 
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Air Pollution Control Association 
Celebrates Its 
Fifteenth Anniversary 


UNE 2-6 the Air Pollution Control 
Assn., formerly the Smoke Preven 
tion Ass! of America, met in St 
Golden Anniver 
the Associa 


Louis to celebrate its 


sary For the first time 
idual sessions to 


tion assigned indi 


major engineering societies for sponsor 
Those societies participating 


Society of Heating 


ship 
were the America! 
and Air Condition 
American Institute 


Engineers, the 
f Chemical Engi 
Meteorological 
society the \ \ nd, of 


the APC 


neers the An 


course, 


field 
1 were honored 


Four outstar men in the 
f Air Pollution Cont1 
Raymond R. Tucker, Mayor of St 
Louis, the Mellon Award Walter 
A. Schmidt Angeles, the 
Chambers Awar Henry Hebley ot 
Pittsburgh and William G. Christy 

New York City, Honorary Member 
ships 
Mayor Raymond R 


principal 


Pucker of St 
Louis was banquet 
speaker In his opinion a successful 
air pollution pr im can help trigger 
i complete ren: ince of c1tries 
The history of smoke elimination in 
St. Louis wa ise in point 

In the Fall of 1930, Mayor Tucker 
pointed out t uis experienced one 
of the worst palls in its history 
Visibility 
Critics of the oke program had 
a field day ut < a result the 


on into provid 


was u 1 to a few feet 


citizenry were 


ing greater support for the program, 


and the passi1 f a city ordinance 
teeth n it 


burning of high 


controlling the 
olatile fuel 
mechanical fuel equipment to burn it 


with 
with 


smokeless ind the prevention of 





UNAFRAX CONSTRUCTION CO. 
Lo. 3-2431 PGH. PA. 


~ 
Wo. 
ORGANIZED IN 1956 BY 


P. C. FOCER AND PAUL I. NEFF 
AFTER COMPLETE DISSOLUTION OF 


UNITED REFRACTORY CONST. CO. 


“LET UNAFRAX SOLVE YOUR 

REFRACTORY AND INSULATION 

CONSTRUCTION PROBLEMS FOR 
BOILERS—FURNACES 
KILNS—INCINERATORS"” 


405 MCNEILLY ROAD 
PITTSBURGH 26, PA. 
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use of such fuel by those who did not 
use such equipment 

St Louis and 
regarded as the 


Pittsburgh were 
smokiest and 


nation he 


once 
dirtiest 
critics said these cities were decaving 
while 


cities in the 
others were ex 
Clearing the 
air has triggered a revitalization of 
both Pittsburgh and St 


and dying 
panding and improving 


Louis 


Tec hnt al Pape rs 


J. H. Field, L. W. Brunn, W. P. 
Haynes and H. E. Benson, U. S 
suerau of Mines, presented a paper on 
Cost Estimates of Liquid-Scrubbing 
Processes for Removing Sulfur Di 
Flue Gases At 
three liquid-scrubbing processes, using 


oxide from present 


limestone, ammonia, or sodium sulfite 
as the reactant. have been developed 
commercially or on a_ pilot 
sulfur dioxide 


either 
plant scale to remove 
from flue 
up-to-date economics of 


gases fo determine the 


these three 
processes, capital and operating costs 
have been estimated for removal of 
sulfur dioxide from stack gases of a 
power plant of 120,000 kw capacity 


burning coal of 1.5 or 5 per cent 


sulfur 
and utility 


content The raw-material 
requirements, production 
of by-products and waste materials, 
and operating costs for removing 70 
and 90 per cent of the sulfur dioxide 


are shown. Capital costs, including 


) 


working capital, range from about 

to 5 million dollars for the different 
processes at the assumed inlet and 
outlet 


oxide 


concentrations of sulfur di 
operating costs range from 
0.5 to over | mill per kilowatt hour of 
power after credits have been allowed 
for by-products 
rhe Fulham—Simon-Carves Pros 
ess for the Recovery of Sulfur from 
Flue presented by T. 
Kennaway of Simon-Carves Ltd. In 
1938, the Metropolitan Borough of 
Fulham approached Simon-Carves 
Ltd. and asked them if could 
develop a process for manufacturing 
ammonium sulfate from flue gases, and 
put forward a pilot plant design 
The 


Carves consisted essentially of scrub 


Gases"’ was 


they 


process proposed by Simon 


bing the flue with ammonia 


gases 


liquor derived from gas works or 
coke oven plants to produce a solution 
of ammonium sulfite, bi 
sulfite and thiosulfite, and which, by 
a process of autoclaving could then be 


ammonium sulfate 


sulfate, 


converted into 


and sulfur 


: ee 


To Inhibit Scaling 
and Corrosion 


TAYLOR 
COMPARATORS 


HELP YOU ADJUST 


pH, 
PHOSPHATE 
LEVELS 


QUICKLY, 
ACCURATELY 


TT a 


By making fast, on-the-spot deter 
minations for pH, phosphate, nitrate 
or silica with handy, portable Taylor 
Comparators, you can easily main 
tain proper control of boiler, con 
denser or cooling tower operations. 
In a matter of minutes you get ac 
curate, dependable data from easy, 
colorimetric tests. Only three simple 
steps... fill three tubes with sample, 
add reagent to center tube and read 
result direct from slide after matching 
colors. Complete instructions, all 
necessary accessories and 
included in every set. 


WATER HARDNESS may be deter- 


mined easily, yet with accuracy of an 


reagents 


alkalinity titration, with the Taylor 
Total Hardness Set. 


COLOR STANDARDS 
GUARANTEED 


Be sure to use only Taylor reagents 
and accessories with Taylor Com- 
parators to assure accurate results. 
All Taylor standards 
carry an unlimited guarantee against 


liquid color 


fading. 





SEE YOUR DEALER for Taylor 
sets or immediate replocement 
of supplies. Write direct for 
FREE HANDBOOK, “Modern pH 
and Chlorine Control”. Gives 
theory and application of pH 
control. Illustrates and describes 
full Taylor line 


W. A. TAYLOR %° 


416 RODGERS FORGE RD. * BALTIMORE. MD 











In 1954, the Central Electricity 
Authority, who had reviewed the 
process, decided to proceed with the 
construction of a plant on the half 
boiler scale similar to that envisaged 
for Fulham. The site chosen was at 
North Wilford Power Station, 
Nottingham. 

The plant has been designed to 
handle 56,000 cfm (actual) of the flue 
gases produced by the combustion of 
coal having a sulfur content of up to 
3 per cent. It was estimated that 
if the liquor composition in the 
scrubber is similar to that obtained 
at Fulham up to 11 tons of ammonium 
sulfate and 2000 Ib of sulfur should be 
produced from this plant daily, by 
working it continuously. The pilot 
plant is therefore of such a size that 
it should enable satisfactory cost 
estimates for a full scale plant to be 
drawn up from the results. It will 
also afford an opportunity to find out 
the best operating conditions and to 

TURBINE confirm the design of the units 

MOTOR 
™—— CHANGE TO EITHER DRIVE AT WILL Harlan W. Nelson and Carl Jf. 
Lyons, Battelle Memorial Institute 
contributed a paper, ‘“‘Sources and 
fe ae) o UA iL o o ‘ if é Control of Sulfur-Bearing Pollutants.” 
It was estimated in the mid 1940's 
that almost 40 million tons of sulfur 
FORCED DRAFT a were being emitted annually into the 
world’s atmosphere from the com 
bustion of coal, the smelting of ores, 
Practically two blowers in and the production and consumption 
one. When Turbine Drive is i j , of petroleum and natural gas. This 
used, its oil-free exhaust can ‘Ee amount must now be exceeded by a 
‘ r u significant margin, since the world 
supply process or space heat- pamar fp : production and consumption of the 
ing steam. During electrical s raw materials concerned has increased, 
"sy and since there is some evidence that 
. 2 : the average sulfur content of fuels is 
insures continued operation. ial a "es a also increasing. Although the volume 
Motor drive may be used for Wing Dual Drive Forced Draft Blower of sulfur compounds, chiefly sulfu 


starting-up and when process at Easton, Pa. plant of the Dixie Cup Co. dioxide, represented by this release of 
sulfur is enormous, the volume of air 


or heating steam demand is low. Precise draft control, manually in thn ptabieainess de 00 Geach laser 
or automatically. Completely assembled, ready to install. that there is little danger of raising 
, ° P the average concentration of sulfur 

Use the coupon for more information. dioxide to a level detrimental to man 


| or his environment if uniform dilution 
| J. Wing Mf. Co. 54 Vreeland Mills Rd., Linden, N.J. ty hae 


were possible. is in the special 
Factories: Linden, N.J. and Montreal, Can. ; I : Page i : 
circumstance of sulfur emission where 


higher concentrations are brought 


bd . about by reason of geographical and 
bal e 5 meteorological conditions that detri 
mental effects are observed Also, 


the sulfur dioxide does not remain in 
DUAL DRIVE WING ¥ WING the air but reaches the earth eventually 


in other forms 
B L '@) W E 4 S DRAFT INDUCERS TURBINES Sulfur dioxide, sulfur trioxide and 


= —--—----—------- hydrogen sulfide are the three principal 
| L. J. Wing Mfg. Co., co.8 sulfur-containing pollutants By 
| 54 Vreeland Mills Rd. Linden, N.J. far the greatest proportion of the 
| Please send engineering data about Dual Drive Blowers. sulfur compounds emitted to the 


emergencies turbine drive 


DIVISION OF AERO SUPPLY MFG. CO., INC. 


atmosphere is in the form of sulfur 
dioxide. This form is produced from 
the smelting of ores of metals such as 
zinc, lead, copper and nickel, from 


Ww 
| REVOLVING WING FRESH AIR ar’ 
HEATERS : SUPPLY HEATERS | City the combustion of gases from refiner, 
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and natural gas waste products, and 
from the combustion of oil and coal 

the problem of 
a coal burning 


As an example 
pollution offered b 
authors considered 


1.000.000 efm 


power plant, the 


one which discharges 


of flue gas having an average con 


ximately 0.28 per 


; 


centration of appre 


cent by volume SO rhis repre 
sents an emission of roughly 190 tons 
per day SU) These figures 


indicate the magnitude of the problem 
when considering sulfur emission from 
coal-burning rhe fact 
that the concentration of SOs in the 

siderably below 1 
ts a challenging tech 


equipment 


effluent gas is 
per cent presen 


nological pre blen in attempts to 


reduce sulfur emis 

At the present time there is only 
one process, inst illed at two powe! 
stations, in use for the treatment ol 


effluent gases large boilers burn 


ing coal The process was first 
installed the Battersea Power 
Station in London, and is termed the 
Battersea proce his installation 
ind the one at the Bankside Station in 
London were | in as a result of 
public opinior n England in 1929 
following a_ seri exceptionally 
severe smogs Phe original Battersea 
installation treated the effluent gas 
rom coal urned with an average 
sulfur content SS per cent in 


such a fashion that only 9 per cent of 


the atmosphere 
The process 1 relatively 
takes advantage of the fact that the 


the sulfur escape 
simple and 


River Thames, which supplies the 
water for scrubbing the flue gases 
already contai! most of the alkah 


that is required neutralize the sul 


fur dioxide e effluent gases In 


addition, the river 
product, calcium sulfate, in solution 


carries away the 


Thus, use of the process was favored 


by natural « 


Phe Howder ae evclic lime 
process was tried for a time at the Tir 
John Power Station in Swansea, 
Wales, England, and at the Fulham 
Power Stati London Essen 
tially, this process simular 
to that used at the Battersea Power 
Station except it in this process 
calcium carbonate is concentrated and 
discharged a wet mud The 


scrubbing essentially the 
attersea, a slurry of 
the cheapest alkalies, chalk and lime 


It has been estimated that use of the 


same as used at 


process would ibout 25 per cent 
of the cost of the coal consumed at 
a large central station power plant 
In this process as well as the one at 
Battersea the SQ. is not recovered in 
saleable form Most other develop 
ment work has been directed towards 


which would yield a com 


processes 
mercial product as an _ operating 


credit 








Che possibility of producing sulfuric 
dilute, 
power! 


either concentrated or 


from 


acid, 


directly SO.-containing 


plant has been investigated 


Johnstone, as part of a long-range 


program on the removal of SO, from 


gases 


such flue gases, studied the catalytic 
oxidation of SO. absorbed in water to 
produce sulfuric acid. He found that 
iron and increased the 
rate of oxidation of SOs in solution 
and that dilute sulfuric acid could be 
Although 40 per cent acid 


was made for short periods of time, 


manganese 


made 


the action of the catalyst was soon 


inhibited by phenols and copper 


scales Recent work has extended 
this study to include the use of ozone 
to oxidize the SO It was shown 
that flue gases containing 0.35 per 
cent by volume of SO, could’ be 
treated with air containing ozone and 
then scrubbed with a dilute solution 
of H.SO, The cost of the ozone 
required per ton of recovered H.SO, 
was estimated to be $5.00 


When all has 


regarding the problem of controlling 


been considered 


the undesirable effects of discharging 
waste or stack gases containing sulfur 
dioxides into the atmosphere, only a 
limited number of possible remedies 
can be listed Chis list would include 


(1) The 


would involve the removal of signifi 


direct approach This 
cant reduction of the sulfur content 
of medium-high-sulfur fuels This is 


technically possible—within limits 
but only at 
Many 


fuel engineers and coal producers have 


for both fuel oil and coal 
appreciably increased cost 
long argued that the use of cleaned 


coal at the larger power and utility 


plants would lead, in the end, to 
decreased outage and maintenance 
costs. Lowering of the ash content is 


of chef consideration in this instance 
but reduction of the sulfur content is 
also a consideration However, it is 
generally the practice lot these power! 
plants to purchase coal on a basis of 
direct cost per unit heating value and 
freight costs, in the 
conviction that the equipment can 


ol Minium 


then produce steam at the lowest 
overall cost 

Again, for economic and logisti 
reasons, legal restriction of sulfur 


contents could not be the answer for 
the country as a whole 

2) More 
effluent 
High stacks have helped in this regard 
a practical limit to the 
and the topographi 


efficient dispersion of 


gases into the atmosphere 
but there is 
height of stacks 
cal and meteorological conditions at 
some locations are such that increasing 
the stack height to any 
would not help the situation 


prac tical 
degree 
under adverse conditions 

3) The addition of chemical mate 
rials to the fuel to fix the suflur in 











A COMPLETE 
REFRACTORIES 
SERVICE... 


for Steam 
Generation 


Monolithic furnace linings of 
GREFCO plastic firebrick are 
economical and will provide 
long uninterrupted service. 
Three high quality mixes are 
available for various furnace 
conditions with a selection of 
well engineered refractory 
and high temperature alloy 
metal anchors for various 
combinations and thicknesses. 


GREFCO plastics are 
manufactured at three 
strategically located plants in 
Pennsylvania, Missouri and 
Georgia. Stocks are 
maintained for prompt truck 
delivery at all company 
warehouses and dealers in 
principal cities. 


When you specify GREFCO 

you are assured of quality 
second to none. The world’s 
finest and best equipped 
refractory laboratory is 
constantly developing new 
products and improving old 
ones. District laboratories 
constantly check raw materials 
and finished products. GREFCO 
places great emphasis on 
uniform high quality. 


SUPER BRIKRAM MIX-G— 
a super duty quality plastic 
firebrick with a special binder 
which provides an airset 

when material is air dried. 
Provides high strength 
throughout the entire thickness 
of the wall or arch. 


SUPER BRIKRAM—a 

plastic firebrick of super duty 
quality for furnace linings 
where conditions warrant 

the use of super duty quality. 
Has excellent resistance to 
spalling and high temperatures. 


BRIKRAM—a plastic 
firebrick of high duty quality. 
Excellent for patching or 
complete furnace linings 
where conditions do not 
require a super duty quality 
refractory. 







































































GENERAL REFRACTORIES CO. 
Philadelphia 2, Pa. 














solid form Chis has been suggested 

D j s from time to time, but no practical 

on t S lit result is known to have been achieved 

. Inorganic materials have been added 

A R el ele to the fuel or in the furnace to assist 
é onsibili in the control of boiler deposits and 

sp external tube corrosion, but the 

fixation of sulfur has not been accom 


é plished to a practical degree 
+) There is, finally, the possibility 


of washing or treating the stack gases 
FORCED to remove the sulfur oxides before the 
DRAFT FAN gases are discharged to the atmosphere, 


as discussed in some detail in the pre 
ceding paragraphs 


The final conclusion must be that 

FAN STACK none of the methods represent a final 

AIR PREHEATER a P practical and economic answer to the 
, nationwide problem of controlling 

sulfur emissions from stack gases 


Any of the suggested solutions will 
TUBULAR 


DUST COLLECTOR 


add an increment of cost to the final 
cost of the steam generated or the 


INDUCED 
electrical power produced In the 


DRAFT FAN - y 
final analysis, whatever the solution, 


the costs of eliminating or minimizing 
the effect of the sulfur oxides in 
stack gases would be passed on to the 
consumer If the public demands a 
solution to the problem, they must do 


so with realization that higher costs 
ire involved and that additional 


offers 5 basic boiler components 2.03) \ 083 os tose 


P-D makes it easier, safer and quicker when 
you sign that order for steam generating 
auxiliary equipment. There’s no time delay; 


no engineering problems; no piece-by-piece } im YI 
delivery from different sources. - 
4 


Prat-Daniel’s single responsibility guarantees 
equipment of balanced design . . . matched SOLUTION OF HYDRAZINE 
for ease of assembly, unmatched for peak 
performance. Each component is built to 
complement the other, with the integrated 
unit providing highest efficiency for your s Oxygen- 
system. 








ve » ) 
Prat-Daniel offers years of specialized e Scave ager 
experience in the design and development of e for 
Forced Draft Fans, Air Preheaters, Tubular 
Dust Collectors, Induced Draft Fans and e Boiler Water 
Fan Stacks for industry. 


2 ‘ ry. 
Contact The Thermix Corporation, Project * Treatment 
Engineers for Prat-Daniel, for your require- 
ments. Ask for data sheets on P-D equipment. 


Project Engineers A I RM 0 U 1) 


THE THERMIX CORPORATION CHEMICAL CO., INC. 


GREENWICH, CONN. 136 Liberty St., New York 6, N.Y. 


(Offices in 38 Principal Cities) Midwestern Representative: 
Conodion Affilictes: T. C. CHOWN, LTD., Montreal 25, Que. J. H. DeLemar & Son, Inc. 
4529 No. Kedzie Avenue 
Chicago 25, lil. 

















PRAT-DANIEL CORPORATION 


SOUTH NORWALK, CONN. Ask for pamphlet BW-5 
POWER DIVISION: Tubular Dust Collectors, Forced Draft Fans, Air Preheaters, Induced Draft Fans, Fan Stacks 
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THE BAYER CO. 


MANUFACTURERS OF BAYER SOOT BLOWERS 
For Highest First and Final Value 
... BUY BAYER! 


Balanced Valve 


SOOT CLEANER 


Bayer’s single-chain design compels perfect in-step operation of valve and 
element. Operation is positive, definite, assuring a full flow of steam for 
efficient cleaning. 


When the operator pulls chain, the cam-actuated, quick-action balanced 
By continued pulling of the chain, worm drive slowly 


valve is opened. 
When element reaches end of cleaning 


rotates element over cleaning arc. 
arc, valve automatically closes. 
low maintenance. 


Minimum steam consumption Every detail is en 


gineered, built for long life, eficient performance at high temperatures and 
high pressures. 

More than 30,000 boilers are Bayer equipped. More than 45 years’ 
successful, specialized experience assures you Investment economies 1n 


Baver equipment. 


QUALIFIED LOCAL ENGINEERING SERVICE—Your Bayer representa- 
tive is an experienced engineer, well qualified to take care of any service 
needs in connection with Bayer Soot Cleaners. He is available when you 
call upon him and will gladly render any service required. 
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All These Mechanical and 
Operating Advantages 
are available in 


The BAYER 
Balanced Valve 
SOOT CLEANER 


1. Sound engineering, 
workmanship, and 
materials of the best. 
An organization of 
over 45 years’ ex- 
perience, capable 
and willing to render 
service at all times. 


SINGLE CHAIN: Valve and element con- 
trolled by a single chain. 


VALVE BODY: Rugged construction, built 
to last. Short and ample steam passage 
giving very small pressure drop. 


ORIFICE PLATE VALVE: For high pressure 
service, each head may be controlled by an 
orifice plate valve through which pressure 
is adjusted for each individual element. 


STUFFING BOX: Due to maintenance of 
perfect alignment on swivel tube, packing 
needs little attention. Stuffing box is in full 
view, readily accessible. 


AIR SEAL: Has machined surface on wall 
sleeve and spring-held floating seal to pre- 
vent air in-leakage. 


HEAD BEARINGS: There are two main 
bearings, an outboard and an inboard bear- 
ing for the swivel tube to maintain align- 
ment. 


THRUST BEARING: Ring type thrust bear- 
ing takes the load. 


VACUUM BREAKERS: Two vacuum 
breaker air valves, or one valve and a 
signal whistle above each valve, to prevent 
suction of boiler gases into valve and 
piping. 


ELEMENT OPERATION: With the Bayer 
element operation, balanced valve is 
opened just as element rotates, giving 
FULL pressure over entire cleaning arc. 
Full steam pressure insures thorough clean- 
ing. Balanced valve saves wear of valve 
parts. With any type of poppet valve, this 
is important. ..ask any operator. 


BLOWING ARC: Valve cams automati- 
cally regulate cleaning arc. 


REDUCTION GEARS: 24 to 1 gear ratio 
gives slow rotation for good cleaning. 


FLANGED PIPE CONNECTION: Operating 
head is connected to supply pipe by flanges 
and through bolts, or high tensile studs and 
nuts. 


THE BAYER CO. 


St. Lovis, Mo. 











BRING YOUR COAL UTILIZATION 


PROBLEMS INTO F () ( | S 


Whatever Your Coal Needs 
May Be, You Can Always 
Depend On Fuel Satisfaction 


With so many kinds of coal on the 
market, even a fuel specialist might 
wind up with multiple vision when trying 
to decide which coal is best for a par- 
ticular job. But when his studies are 
complete, chances are his attention will 
focus on Fuel Satisfaction. 

This fine coal is versatile — equally 
suited for heat, power or by-product 
processing. Those who have used it will 
tell you that it is cleaner and purer 
than other coals, contains greater heat 
values and produces more efficiency. 

Fuel Satisfaction has proved its 
superiority on job after job to genera- 
tions of industrial coal users. This can 
mean increased economy and all-around 
efficiency for your coal-using operation. 
Why not investigate Fuel Satisfaction 
soon through one of the Norfolk and 
Western Coal Bureaus listed here? 


* Fuel Satisfaction is the name given all brands of superior 


all-purpose Bituminous Coal mined along the N&W. 
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ROANOKE 

N&W Cool Traffic Dept. 

Telephone Diamond 4-145], Ext 
423, 249, 732 


Roonoke, Virginia 


BOSTON 

833 Chomber of Commerce Buildin 
Telephone Liberty 2-2229 

Boston 10, Massachusetts 


CHICAGO 

Room 604, 208 South LaSalle Street 
Telephone RAndolph 6-4634 
Chicago 4, Illinois 


CINCINNATI 
913 Dixie Terminal Building 
Telephone DUnbor 1-1325 
Cincinncti 2, Ohio 


CLEVELAND 

1819 Union Commerce Building 
Telephone MAin 1-7960 
Cleveland 14, Ohio 


DETROIT 

1907 Book Building 

Telephone WOodword 1-2340 or 1-234! 
Detroit 26, Michigan 


ST. LOUIS 

2059 Railway Exchange Building 
Telephone MAin 1-1180 

St. Lovis 1, Missouri 


WINSTON-SALEM 

1105 Reynolds Building 
Telephone PArk 2-7116 
Winston-Sclem 1, North Carolina 


Norfolk and Western. Railway 


CARRIER OF FUEL SATISFACTION 
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MORE THAN 





MODEL MP-3000 SHOWN 


For boiler pressures to 3000 psig 
For both new and old boilers 


~ DIAMOND 


MULTI-PORT 
GAUGES 


In use and on order 


for over CAD 200 


Central Station 
Generating Plants 








COMPLETE PORT CHANGE REQUIRES 
ONLY ABOUT 15 MINUTES 


EACH PORT THERMALLY INDEPENDENT 


Because the Diamond Multi-Port solves the 
problems inherent in water level gauges on 
boilers operating at high temperatures and 
pressures, it has had rapid and wide accept- 
ance. In addition to the 1400 for central 
station generating plants, more than 150 
have been sold to incustrial power plants. 


Advantages of the Multi-Port are many. 
In addition to those shown above, it has 
maximum thermal stability for rapid start- 
ing... ‘Hi-Lite’’ illuminator for improved 
readability .. . welded construction for per- 
manent tightness ...end stems can be 
furnished instead of flanges... startling 
reductions in maintenance costs. 

Write for Bulletin! 174V (Model MP-3000) 
or Bulletin 2044V (Model MP-900) for more 
information. 7801 


| DIAMOND POWER SPECIALTY CORP. 


LANCASTER, OHIO © DIAMOND SPECIALTY LIMITED — Windsor, Ontario 
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Dust Particle 


with a mission 


. to pollute the atmosphere and damage valuable 
* equipment. 

Flyash control is more important today than ever before 
in history because of the ever increasing number of indus- 
trial plants in operation. Each type dust has its own 
physical, chemical and electrical properties. To design dust 
collection equipment to capture these particles requires 
basic knowledge of the importance of these variables to 
the overall problem 

The Aerotec Corporation is experienced in the quanti- 
tative measurement of all dust properties and is equipped 
to carry out these tests before a recommendation for 
equipment is ever made. This ability, plus the most ad- 
vanced design of both mechanical and electrostatic dust 
collectors, makes The Aerotec Corporation the logical 
choice to solve your dust collection problems. 

Our Project Engineers, located in most principal cities 
in the United States and Canada, will be happy to supply 
you with information and literature on either mechanical, 
electrostatic or series dust collectors. 


Project Engineers THE THERMIX CORPORATION Greenwich, Conn. 
(Offices in 38 principal cities) 
Canadian Affiliates: T. C. CHOWN, LTD., 164 Metcalfe Ave., Westmount, Montreal! 6, Que. 


Manufacturers 


THE AEROTEC CORPORATION 


Greenwich, Conn. 


68 








Advertisers’ Index 


Aerotec Corporation, The..... 68 
Air Preheater Corporation, 
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Allis-Chalmers Mfg. Company, 
Construction Machinery Div. 
Allis-Chalmers Mfg. Company, 
General Machinery Div...... 
American Blower Corporation. 


18 and 19 


Bailey Meter Company.. 
Baltimore & Ohio Railroad.. 
Bayer Company, The.. - 
Bituminous Coal Institute... 
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Chesapeake & Ohio Railway... 

Clarage Fan Company 
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Combustion Engineering, “Inc. 
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Economy Pumps, Inc........ . 
Edward Valves, Inc...... 
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(Continued on page 6°) 
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Ingersoll-Rand Company.... 
Johns-Manville 


M. W. Kellogg Company, The. 
Koppers Company, The 


L. A. Water Softener Company 
Leeds & Northrup Company... 
Lukens Steel Company 


W. K. Mitchell & Company... 


National Aluminate Corpora- 


Norfolk and Western Railway. 


Pacific Pumps, Inc 
Peabody Engineering Corpora- 


Pennsylvania Crusher 
Bath Iron Works Corp.. 
Pittsburgh Piping & Eguip- 
ment Company 
Powell Valves 
Prat-Daniel Corporation 
Henry Pratt Company........ 


Refractory & Insulation Cor- 
poration 

Reliance Gauge Column Com- 
pany, The 

—" Flow Meters Com- 


nee Steel Corporation. . 
Research-Cottrell, Inc 
Richardson Scale Company... 


Standard Tube Company, The. 
Stock Equipment Company... 
Sy-Co Corporation 


W. A. Taylor and Co........... 
Todd —e a 
ucts Div. 


Unafrax Construction 
OR «aacae ousted 


Walworth Company........... 

Western Precipitation Cor- 
poration 

Westinghouse Electric Corp... 

Westinghouse Electric Corp., 
Sturtevant Div 

C. H. Wheeler Manufacturing 


L. Jd. Wing Mfg. Co 
Worthington Corp 


Yuba Consolidated Industries, 
Inc., Yuba Heat Transfer 
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PENNY-WISE PETE 


LOSES PIKE!>—~ 


No “‘even keeled” fisherman would try to save a 
few cents by fitting his expensive rod and reel with 
a low quality line. 

That's as foolhardy as “saving” on a refractory 
bonding mortar. Soundest economy is to buy the best. 

On most installations, the difference in cost for 
using the best—SUPER +3000 REFRACTORY BOND- 
ING MORTAR—is actually NEGLIGIBLE. With Super 
#3000 you're guaranteed dependable trouble-free 
service worth hundreds 
or possibly thousands 
of dollars. 

Super #3000 is the 
only refractory mortar 
which equals or even 
surpasses the strength, 
resistance to heat, ero- 
sion and abrasion of 
the best grades of re- 
fractory brick. Count- 
less service reports 
prove it. 


4’ 


Write on your letterhead ' 
for a free trial drum of peuc 
Super #3000, without 
obligation. 


REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 Wall Street New York 5, N. Y. 





WESTPORT JOINT 


(PATENTED 








can be justly proud and contented even 
though you are responsible for the critical piping 
in your plant. Banish headaches, and save money and 
time by assigning this type of construction only to 
_ specialists. For lasting satisfaction from your next 
high-temperature, high-pressure job — ask us in. 


W. K. MITCHELL & CO., INC. 
Philadelphia 46, Pa. 


PIPING 


PIPING FABRICATORS AND CONTRACTORS 


70 
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Penelec insures against leakage 
with FIRST all ‘‘canned”’ pump installation! 


The Seward Station (295,000 KW), largest 
in the Pennsylvania Electric Company Sys- 
tem, supplies electric power to over 1,380,000 
people in 38% of the state’s area. The new 
125,000 KW addition is unique because it is 
the first to use “‘canned’’ motor-pumps ex- 
clusively on a controlled circulation boiler- 

Westinghouse ‘‘canned’’ motor-pumps 
were selected by PENELEC, Gilbert Asso- 
ciates, Inc., architect-engineers of the Seward 
Station, and Combustion Engineering, Inc., 
manufacturers of the controlled circulation 
boiler. The zero leakage design of the pumps 
in high pressure applications was the decid- 


You CAN BE SURE...1F ITS 


ing factor in their selection. They have a 
capacity of 5,540 gpm. 

Westinghouse ‘‘canned’’ motor-pumps 
are available in a range from 5 to 20,000 gpm, 
up to 10,000 psi ambient system pressure, 
and temperatures to 680°F. Motor ratings 
range from \% to 2000 hp. Corrosion resist- 
ant, these pumps have been proven through 
thousands of hours of actual operation. 

For additional benefits which these pumps 
offer you, contact your Westinghouse sales 
engineer, or write, Westinghouse Electric 
Corporation, Atomic Equipment Depart- 
ment, Cheswick, Pennsylvania. J-57017 


KES 
ln 


Westinghouse 
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FOR COAL BUNKER NOSES, 


CHUTES, HOPPERS, SPREADERS THAT MATCH 


THE LIFE OF YOUR BOILER... 


Take a comptroller’s-eye view of Lukens Clad Steel 


@ He'll see savings... and so will you! In 
coal handling equipment, Lukens clad steel 
puts a virtual stop to costly coal hang-ups 
and to damage from sulfuric acid in wet 
coal. Its durability is proved by installa- 
tions more than 10 years old which show 
no measurable wear... ample evidence 
that it will match the life of your boiler. 
Further savings accumulate from its 
ready fabrication, easy modification, and 
through freedom from down time and 
maintenance. The Lukens clad 


steel is not a lining, not a soldered-on sur- 


reasons: 


face, but a solid plate—one side corrosion 
resistant stainless steel permanently 
joined in a metallurgical bond to a rugged 
backing steel. 

Lukens will help you and your fabrica- 
tor select the proper types and gages to fit 
your needs. Bulletin 740 will give you per- 
formance facts and production informa- 
tion. For this bulletin, as well as the names 
of experienced coal! handling equipment 
builders, write Manager, Marketing Serv- 
ice, 940 Lukens Building, Lukens Steel 
Company, Coatesville, Pennsylvania. 


Helping industry choose steels that fit the job 
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MECHANICALLY OPERATED POPPET TYPE VALVE 


(WITH ADJUSTABLE PRESSURE CONTROL) 
additional important features of the s/eW/ 
pO 


Series 300 IK 
LONG RETRACTING BLOWER 


This valve was adopted for the new Series 300 IK 
because long experience has proved it the most 
satisfactory of all designs for severe blower service. 
More than 300,000 of this basic design are in use 
on various Diamond Blowers and have established 
notable service records. A recent improvement is 
more streamlined flow contours that permit higher 
flow rates with less pressure drop. 

The direct mechanical linkage for actuating the 
valve offers the advantages of greater reliability and 
safety . . . in addition to more accurate control. 
Numerous other important features of the Series 300 
IK are listed at the bottom of page. These are the rea- 
sons why this blower is establishing a new standard of 
efficiency, economy and dependability in cleaning 
heating surfoces that require a long retracting blower. 

Bulletin 2111V tells much more about the Series 300 
IK; ask your local Diamond office or write directly to 
Lancaster for a copy. 


Simple, Direct uaa Principal a a ot 


Direct Actuation by Lance Carriage. Valve Operation 





SERIES 300 IK—LONG RETRACTING BLOWER 


OTHER ADVANTAGES 
OF SERIES 300 IK BLOWERS 


Direct mechanical action 
ithout pilot or diaphi 
Backbone and Protective Cover ie — Adjustable disc for quick 
and simple adjustment 


Compact, Accessible Electric Power and 
of pressure control. 


Control Terminal Facilities Micrometer-like 
Front End Single-Motor Drive adjustment for very 
Nozzle-Sweep-Every-Inch Cleaning Pattern ey ning — 
Improved “Type A” Nozzle 

Positive Gear Carriage Drive 

Single Point Outboard Suspension 

Oversize Lance (Step-Tapered for Extra 

Long Travel) 


Back seat for 
throttling. 


Auxiliary Carriages for Extra Long Travel Poppet construction assures 


e Designed for Quick, Easy Servicing tight seating without critical - New high-flow 
adjustment. r| valve construction. 
. r t Full lift always... 
No other blower gives you all these advantages. »/ no throttling. 


FULL LIFT AND FULL OPENING OF VALVE AT ALL TIMES. No 
throttling at main seat. ALL throttling for pressure control is 
between back seat and adjustable disc. 


DIAMOND POWER SPECIALTY CORP. LANCASTER, OHIO 


, na Sr - 
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New single-stage chemical cleaning service 


removes copper, water-formed scale from boilers 


Sections of boiler tubes cleaned with and without new 
Dowell Copper Complexing Agent 


Before cleaning (black opera This section 


tional deposits intact) 


copper is 


tube interior 


Vew Dowell Copper Complexing Ageni 
Prevents Copper “Plate-out” During 


Dowell research has solved the problem of removing 
copper deposits, along with iron oxides and other 
water-formed deposits, in a single-stage, acid-fill 
boiler cleaning job. This single-stage chemical clean- 
ing is made possible by a new copper-complexing 
agent*. When added to Dowell’s regular cleaning 
solvents, this agent acts to dissolve copper 
deposits, and to complex copper ions so that 
they remain in solution in the spent acid 
and do not plate out on the newly cleaned 

metal. 


Removal of copper from boiler tubes is of 
prime importance. Galvanic cells may be 
formed between the copper particles and 

exposed steel surfaces. Such cells may 
contribute to pitting during normal 


operation of the unit. Also copper 


cleaned with 5% This section cleaned with 5% 
inhibited hydrochloric acid (4 
hours exposure). ' 
plated over entire 


inhibited hydrochloric acid in 
solution with new Dowell Copper 
Complexing Agent (4 hours ex- 
posure). Note complete absence 
of copper plating and how 
clean interior is. 


Note that 


{cid Cleaning 


deposits may interfere with heat transfer, leading to 
localized over-heating and sudden failure of the 
boiler tubes by rupture. Freshly plated copper may 
even slough and cause stoppage of the tubes. 


Another distinct advantage of this new single- 
stage boiler cleaning service is in reduced boiler 
outage time. Boiler tubes can now be chemi- 
cally cleaned—removing copper deposits in 
addition to water-formed scale and sludge in 
about one-half the time previously required 

to perform this service. 


For complete information on how this new 
copper-complexing agent can help you, 
call the Dowell office near you. Or write 
Dowell Incorporated, Tulsa 1. 
Oklahoma. 


PATENT PENDING 


have Dowell clean it chemically 


A SUBSIDIARY OF THE DOW CHEMICAL COMPANY 





